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SOME UNSOLVED PROBLEMS CONNECTED WITH ACUTE 
OBSTRUCTION OF THE CORONARY ARTERY* 


JAMES B. Herrick, M.D. 


CricaGco, Inn. 


HE purpose of this paper is to present in outline certain features 

of acute occlusion of the coronary artery concerning which there 
is still some obseurity. The hope is that a frank statement of these 
problems may stimulate clinicians, pathologists, and experimental 
workers to study and solve them. It is to be noted that acute ocelu- 
sion of the artery is the only topic under consideration. Chronie, i.e., 
slowly progressive occlusion is not sharply demarcated from the acute 
process, but its features are of somewhat different character and may 
well be separately considered, at least for the present. 


RELATION TO INFECTION 

Occasionally the occlusion is by an embolus. Generally, however, a 
thrombus is the cause. In practically all the thrombotic cases in which 
autopsy has been performed a chronie change in the vessel wall is 
mentioned—atheromatosis, especially patchy atheromatosis; roughen- 
ing; caleareous plaques; narrowing, especially at a point of bifurea- 
tion; arteriosclerosis. That this chronic change is the sole cause is not 
clear. 

What may be the influence of physical or chemical changes in the 
blood, or of an altered number of blood platelets is unsettled. Does a 
slower or feebler blood current have any effect? Particularly, what 
is the influence of infection? Several writers have called attention to 
the frequeney with which acute coronary occlusion has been preceded 
by general infectious processes or by a local infection in another part 
of the body. They suggest a secondary inflammation of the wall of 
the coronary artery as a factor that may favor thrombosis. In con- 
nection with rheumatism and other infections aeute changes in the 
walls ‘of arteries have been noted. It is suggestive as fitting in with 
clinical experience that von Glahn and Pappenheimer find that the 
arteritis due to pyogenic infections may cause thrombosis while that 


*Read at the Meeting of the Association of American Physicians, Atlantic City, 
May 7, 1929 
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accompanying rheumatism seems not to show this tendency. Boyd’s 
studies are worthy of note. He shows acute mural changes in the 
coronary artery in addition to the chronic, and believes there is definite 
evidence of an inflammatory basis for coronary occlusion. 

Here, then, is a problem: to discover what factors aside from the 
chronie change in the vessel wall determine the formation of a throm- 
bus; especially, to what extent do focal or general infections play a 
part in this process? In what proportion of cases does the wall of the 
coronary artery show acute as well as chronic changes that might 
favor thrombotic occlusion? Do certain infections favor thrombosis 
while others do not? Why is it that syphilis that so often works 
damage to the aorta and the mouths of the coronaries plays such a 
minor part in the tragedy of acute coronary occlusion? 


EMBOLIC PHENOMENA 

Secondary embolic manifestations may occur soon or late after myo- 
cardial infaretion. Some report this as a not uncommon complication. 
Others have seen comparatively few instances. The explanation 
offered for the occurrence is that from the intracardiae thrombus that 
so commonly forms over the infareted area fragments are detached 
that, as emboli, obstruct peripheral vessels. There are clinical and 
post-mortem reports of coronary occlusion with emboli in the arteries 
of the brain, spleen, mesentery, retina, and extremities. If the intra- 
eardiae thrombus is in the right heart the emboli may produce pul- 
monary infarction. 

Granting that the origin of the emboli in the intracardiae thrombus 
is the probable explanation, the question may yet be raised whether 
there may not be another origin, at least in some instances. If an in- 
feetious process has produced coronary arteritis may not this same proc- 
ess produce as well a similar change in the wall of some other artery, 
e.g., in the brain, leg, or spleen? The weak action of the heart and 
the feebler blood current, results of the damage done to the myo- 
cardium, may still further favor thrombus formation. 

The question then seems proper: May the supposed secondary em- 
bolic manifestations at times be due to multiple thrombi resulting from 
widespread acute arterial inflammation? 

In this connection it may be recalled that some regard postoperative 
pulmonary infarction as often due to the formation of a thrombus in 
situ rather than to an embolus having its origin in a thrombosed vein 
at the seat of operation. 

PHLEBITIS 

There are few observations on the condition of the coronary veins 
in eases of this accident. Is there evidence of phlebitis or of venous 
thrombosis? If such changes are present, what is the effect on the 
heart’s activity? What is the state of the thebesian vessels? 
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CAUSE AND MANNER OF DEATH 

Many patients die soon after the artery is obstructed, in a second or 
in a few minutes. Is this a sudden stopping of the heart’s action or 
is there a fibrillation of the ventricle that precedes death? When pa- 
tients die suddenly as they often do, hours or days after the accident, 
is this due to suddenly developing fibrillation of the ventricle? Prob- 
ably, ‘yes, but it is not proved. How often is death due to rupture 
of the heart? How often to gradual heart failure with its ordinary 
symptoms—dyspnea, rales, cyanosis, edema, albuminuria? In how 
many cases is death due to a new thrombus that forms in some other 
artery of the heart? Is this, as Sternberg suggests, especially apt to 
oeeur in an artery at the edge of the infarct? Or is death often due 
to the inerease of the original thrombus proximally, thus enlarging 
the area of infarcted and useless muscle? 


INFLUENCE OF COMPENSATORY ENLARGEMENT OF ANASTOMOSING VESSELS 

Paradoxical as it may sound, the heart whose vessels are extensively 
sclerosed may often better withstand the insult of sudden coronary 
occlusion than the one whose vessels are comparatively normal. If 
one of the coronaries is the seat of sclerosis that increases with ad- 
vaneing years, there may be a compensatory enlargement of the col- 
lateral and anastomosing branches. This feature with the deseription 
of the intricate capillary anastomosis is stressed by Oberhelman and 
LeCount in their article of 1924. The importance of the thebesian ves- 
sels in keeping alive a heart whose coronaries are extensively ob- 
strueted has been shown by Wearn, Scott and others. 

It is only by recognizing the extensive intercommunication of blood 
vessels in the heart and the mutual dependence of one artery on the 
other that one ean understand the ability of the heart to stand up 
under the shock of sudden ocelusion of a large branch, a main trunk 
of a coronary, even the plugging of both coronaries, as in cases cited 
by Wearn and by Scott. 

This question is worthy of still further study. Is there any way of 
deciding clinically by symptoms, by x-ray or electrocardiograph, what 
may be the prognosis? This depends largely, we may assume, on the 
condition of the intact portion of the heart muscle as well 2s on the 
capacity of the infareted area to heal by searring, and both these proc- 
esses depend largely on the efficiency of the collateral circulation. 


LOCALIZATION OF THE INFARCT 
The immediate and remote effects of the accident will depend, not 
alone on the suddenness and completeness of the occlusion, but in large 
measure on the size and location of the artery involved, whether right 
or left coronary, descending or circumflex branch, laterals, ete. 
Is it possible by symptoms, physical signs or instrumental aid to state 
the vessel occluded and the area of heart musele secondarily damaged, 
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and thus gain knowledge that may be helpful in estimating the out- 
come or that may serve as a guide to treatment? Can we, in other 
words, localize the lesion as we do when a cerebral artery is occluded? 

There is a difficulty in this problem that is inherent in the fact that 
the area of myocardial softening will depend much on the degree to 
which anastomoses are present and as already stated the degree to 
which compensatory changes have taken place in collateral vessels. 
In one heart the results of an occlusion near the origin of the descend- 
ing branch of the left coronary artery may differ materially from a 
similar obstruction at the same place in another. 

The electrocardiograph should here be extremely helpful. The fruit- 
ful experimental and clinical work of Fred Smith, Pardee, Parkinson 
and Bedford, and others is well known. But further animal investiga- 
tion is desirable. Of greater value, however, will be the careful cor- 
relation of electrocardiographie study in man with check by _ post- 
mortem findings. More accurate knowledge must surely come from 
such investigation. 

It is probable, too, that we are not as painstaking in our examination 
of these patients as we should be. It would seem as though variations 
in the intensity and quality of pain and its radiation, in skin tender- 
ness, dyspnea and cyanosis, drop in blood pressure, nausea, and vomit- 
ing, might all be significant, if properly analyzed, in helping to de- 
cide where the obstruction and the myocardial lesion lie. As is known, 
attempts have been made by Pletnew and by Libman, to differentiate 
between a lesion in the right coronary and in the left. In the former 
engorgement of the liver, in the latter dyspnea, fall in blood pressure, 
and other signs of pulmonary congestion are regarded as cardinal 
differentiating points. These observations should be continued. In 
this connection it must not be forgotten that the infaretion effeet of an 
obstruction of the left coronary is not limited to the muscle of the left 
ventricle nor does an obstruction in the right coronary soften only 
the muscle of the right ventricle. Not only are the septum and certain 
papillary muscles generally involved but there is more or less lapping 
over of the effect into the other ventricular wall in either case. This 
is because, as is well known, the right coronary artery sends a branch 
that goes to the posterior wall of the left ventricle. The left coronary 
helps supply a portion of the anterior wall of the right ventricle. 
So, pure right and pure left ventricular softening are not so very 
common. 

X-ray examination may show the cardiae contour altered by the 
vielding, weakened wall. Possibly percussion may help in the same 
way. The location of a pericardial friction might at times be inter- 
preted as indicating the location of the myocardial lesion. The prob- 
lem of localization is therefore a live one and there are several avenues 


of approach. 
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PERICARDITIS 


In what proportion of cases is the pericardium at autopsy found to be 
roughened? In how many of these has friction been heard? If not 
heard, does the location of the pericardial lesion posteriorly or laterally 
rather than anteriorly explain the failure to hear the abnormal sound, 
or is such failure due to lack of keen examination, or may such lesion 
exist and be noiseless? How often is there an infaret that, extensive 
in the subendocardial region, fails to reach the pericardium? Are the 
eases with friction more severe in type and of more serious prognosis 


than those without? 


MILD TYPES 


Ilow often do mild types of the accident occur? All grades of 
severity exist. There are forms with instant death or death in a few 
minutes or hours; or with death postponed for days or even months. 
There is the form with stormy onset, severe reaction and then a re- 
covery as regards life but with residual damage to the heart slight or 
serious as the case may be. There are mild cases, mild as to onset, 
as to early symptoms and late effects. That these mild cases are of 
greater frequency than is generally recognized is almost certain. Some 
of these patients fail to consult the doctor because the upset seems of 
no moment. Or the pain and other disturbances seem negligible to the 
physician and he fails to note slighter symptoms that are really full 
of meaning—slight drop in blood pressure, transitory dyspnea, mod- 
erate tachyeardia, a trifling rise in temperature, or a little increase in 
the leucocytes. That these milder cases with prompt recovery are 
really of the nature of coronary thrombosis is at times shown by the 
fact that later a clear-cut attack of severer form may occur, recog- 
nized by patient and doctor as of the same character as the earlier 
mild one, differing chiefly in degree. Autopsy often reveals not only 
the recent infarct but also one or more older healed lesions with the 
anciently obstructed vessel. 

In what way may these eases be recognized more definitely?) By 
what grouping of historical data, symptoms, signs, and instrumental 
findings may we be able to state that this accident has occurred? Just 
as I have finished this paragraph there comes to hand the meaty article 
by Harold J. Stewart in the AMERICAN Heart JourNnau for April, 1929. 
He expresses this same idea more succintly and forcefully than I have 
when he says: ‘‘The minimum signs and symptoms upon which one 
may venture to make a diagnosis of coronary occlusion and to give 
and estimate the state of the coronary vessels and of the heart muscle 
are not known.”’ 


The problem then is what are the minimum signs and symptoms? 
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RECURRENCES 


How often are recurrences encountered? Surely not infrequently. 
It is almost a tradition that a patient who has had one cerebral stroke 
is liable to 


—a large proportion of such accidents being thrombotic 
have another. Similarly a myocardial ictus, to use the French term, 
may be repeated. Recently at autopsy a fresh thrombus and infaret 
were found together with an old extensive sear with thinning of the 
walls, aneurysmal bulging, and obliterated coronary. The history 
recorded that seven years before, the patient had suffered a severe, 
painful, heart attack that had confined him to bed for many days. 
Reeurreneces generally occur at shorter intervals than seven years. 
What is the rule as to time, if there is any rule? Are the recurrences 
as in the case cited due to new thrombi in other vessels, or are they 


oftener due to a proximal enlargement of the old thrombus? 


PAINLESS ATTACKS 


Among the outstanding symptoms in most descriptions of acute 
coronary occlusion is pain. This is generally described as sudden, 
often unprovoked by effort, severe, unyielding to nitroglycerin, requir- 
ing morphine. It may be typically anginal as to substernal location, 
brachial radiation, vise-like or gripping character. Often, however, it 
is low in the sternal region or is referred to the epigastrium. 

But there is no doubt that there are cases with mild pain or with no 
pain at all. While in my own experience pain has been present in 
nearly all of the cases I have regarded as acute coronary occlusion, it 
has at times been absent or it has not been the earliest or most striking 
feature. In one ease, otherwise perfectly typical, a weakness and 
dizziness marked the onset; and even several hours later there was no 
pain requiring morphine, merely a precordial distress. This substitu- 
tion of sudden dyspnea for pain was aptly referred to by Obrastow 
and Strachesko as a pain equivalent. Rapid drop in blood pressure 
may be added to dyspnea as another pain equivalent. To what extent 
and in what way then may we recognize acute coronary occlusion in 
the absence of pain? 

It may be added that when Gallavardin and other French writers 
say that pain is of secondary importance and a relatively rare incident 
in the clinical picture attending coronary occlusion, they are not draw- 
ing the line between acute or sudden obstruction of the artery that is 
attempted to be drawn here. If the ingravescent and slowly develop- 
ing cases are included, pain undoubtedly is relatively much rarer. 

Also, are pain and other typical features, as Wearn and others have 
noted, more apt to be lacking when an artery is obstructed in an in- 
dividual whose heart is already failing, perhaps through old valvular 
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disease or degenerative myocardial processes? Is coronary obstruction 
extremely rare in association with auricular fibrillation, or is its ap- 
parent rarity due to the fact that it is easily overlooked because the 
well-known striking symptoms are missing? Are masked and atypical 
forms not unusual under these conditions? 


ANGINAL PAIN BEFORE AND AFTER ATTACKS 


There are quite divergent statements regarding the cessation or per- 
sistence of anginal pain after an acute coronary occlusion. In some 
instances no anginal manifestations have preceded the attack, and 
after the subsidence of the initial suffering no painful residue is left; 
there is no pain even on exertion. In other cases the occlusion ushers 
in a status anginosus generally resulting fatally in a few hours or in a 
few days. Or there may develop when the acuter symptoms have gone, 
the features of ordinary effort angina. On the contrary*there are many 
instances where in a sufferer from angina, perhaps with hypertension, 
the painful paroxysms on walking have disappeared after the date of 
infaretion. Some regard this as the almost invariable rule. There 
would seem to be, however, no justification for such a generalization ; 
there seems to be no uniform result of the accident as regards pain 
of anginal character. 

Further observations are desirable along this line. Perhaps some 
explanation may be offered for the various types of pain left after 


the oeelusion. 


BEARING ON TILE TILEORY OF ANGINA PECTORIS 


What bearing has acute occlusion on the theories of angina pectoris? 
Without attempting to answer the question or to advance arguments 
it would seem that the phenomena attending the sudden obstruction 
of a coronary artery tend to strengthen the view that the paroxysm 
of angina of effort has its origin in a perversion of function of the 
coronary artery or the muscle supplied by such artery. The argument 
that claims the pain in this accident is an aortic pain seems far-fetched. 
Even if the painful stimulus is transmitted by way of the aorta, the 
origin seems to be in the coronary artery or in the heart muscle. This 
does not imply that there may not be pain of anginal character having 
its origin in a diseased aortie wall. 

Closer study of cases of angina pectoris and of coronary thrombosis 
with animal experimentation may help solve this problem. There may 
arise occasionally in connection with accident or surgery the oppor- 
tunity of studying in man, in vivo and without an anesthetic, the effect 
of obstructing the coronary artery. Some cardiac Beaumont may find 
his Alexis St. Martin. 
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DEATH IN ANGINA PECTORIS DUE TO ACUTE CORONARY OCCLUSION 
Sudden death is common in angina pectoris. Ilow often is this due 
to the acute obstruction of a coronary artery? Probably the per- 
centage of such deaths attributable to coronary obstruction will de- 
cidedly increase if careful autopsy investigation is made. LeCount’s 


figures on coroner’s cases are highly suggestive. 


CRITERIA OF DIAGNOSIS 
Generally easy to recognize if once thought of, this condition may be 
most perplexing. Are there helps to diagnosis that may be added to 
those already available? Critical and prompt decisions as to opera- 
tion for suspected surgical accidents have to be made at times. De- 
tailed reports of such cases will be helpful. 


ATYPICAL CASES 

Reference has already been made to certain variations from the type, 
especially as regards pain. Others might be mentioned. Dyspnea, often 
striking, merging into Cheyne-Stokes breathing may be present. Yet it 
may not be noticed. Blood pressure commonly drops, a most valuable 
symptom. Yet at times it holds up remarkably well, and unexplained 
daily or hourly striking variations in pressure are sometimes noted. 
The rate and rhythm of the pulse may be freakish. There may be 
little change from normal. The electrocardiogram may also be freak- 
ish. Dr. Walter Hamburger showed me the tracings in a hospital 
patient where extrasystoles from different foci, partial and complete 
block, paroxysms of tachycardia and of fibrillation had alternated 
with one another in an almost unbelievable manner during the several 
weeks following the seizure. Temperature is not always elevated. 
Subnormal temperatures have been reported. And there are other 
variations. This may increase the difficulties of diagnosis, but the 
study and reporting of these atypical cases will help establish rules 
for diagnosis. 

TREATMENT 

That rest and morphine do good or may save a life is generally be- 
lieved. But how long in bed?) What drugs? Is digitalis helpful or 
harmful? Does nitroglycerin do any good? Or do the theobromine com- 
pounds? Can anything be done to ward off an attack or a recurrence, 
e.g., by treating infections in one suffering from angina pectoris or 
from hypertension? Further careful observations like those of Levine 
on the helpful effects of quinidine, or of Allan on the use of elucose, 
are needed. 

In conclusion to repeat what was said at the beginning, this paper is 
but an outline. It is intended to be suggestive. It is hoped it may 


stimulate to a further study of this interesting and important condi- 
tion that is not yet by any means thoroughly understood. 


FURTHER EXPERIENCES WITH VENESECTION IN 
CONGESTIVE HEART FAILURE*t 


WILLIAM Mippietron, M.D. 


MApIson, WIs. 


N 1927 Eyster and Middleton' reported the results from venesection 

in a series of 21 cases of congestive heart failure. Their experience 
reaffirmed the value of this procedure in relieving right heart strain. 
Venous pressure determinations served as a guide to venesection in this 
clinieal study, 20 em. of water constituting the critical level, after the 
work of Clark.? It was furthermore established that the trend of the 
venous pressure curve subsequent to venesection served as an excellent 
measure of its efficacy. Almost invariably the venous pressure of the 
decompensated individual fell sharply on blood-letting. In the favor- 
ably reacting cases whose myocardial reserve was sufficient to meet 
the decreased diastolic load by a more adequate contraction, the 
venous pressure remained low and even tended to approach the norma! 
level after the primary fall. On the other hand in the cases possessing 
an insufficient myocardial reserve, the temporary respite of a lessened 
diastolie filling was not adequate to initiate such a cycle. Hence the 
advantage of a lowered venous pressure from venesection was not 
maintained, and it thereafter mounted steadily to or above its previous 
level. Obviously such a distinction in the venous pressure curves fol- 
lowing blood-letting in congestive heart failure must lend a consider- 
able prognostic importance to such studies. 

In the eighteen months elapsing since that report an additional 
group of 22 cases of congestive heart failure has been subjected to 
venesection. In addition to the usual subjective and objective criteria 
of right heart overload the determination of venous hypertension by 
the indirect method of Hooker and Eyster* again served as the final 
judgment. A venous pressure of 20 em. of water, either maintained or 
ascending, was deemed adequate grounds for venesection. In Table | 
are listed the clinical data on the cases of this group. 

An analysis of this table revealed a preponderance of cases with a 
myocardial degenerative background. Arteriosclerosis was the pre- 
dominant etiological factor. The age grouping (9 in the fifth decade, 
4 in the sixth and 9 over 60 years of age) undoubtedly determined this 
factor in a measure. Of the 22 cases only 3 were females. <As to the 
remote and the recent occurrence of decompensation no relation was 
borne in the results from venesection. 

A total of 26 venesections was performed on the 22 subjeets; and in 


*From the Department of Medicine, University of Wisconsin, 
7yRead before the Wisconsin Heart Club, April 19, 1929. 
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accord with the precept of Meek and Eyster! 500 ¢.c. of blood was, as 
a rule, withdrawn. On two occasions a somewhat smaller quantity was 
taken, but in 12 instances a larger amount was let. The immediate 
results were favorable in 11 of the 18 individuals who were bled a 
single time, and on 7 of the 8 occasions where a second phlebotomy 
was required in the remaining 4 subjects. Hence, it may be stated that 
the early response to venesection was satisfactory in 14 of 22 cases of 
congestive heart failure. An interesting correlation was established 
between the degree of venous pressure fall and the immediate clinical 
response to the procedure. Arbitrarily a fall of 8 em. of water venous 
pressure was considered an adequate immediate response to venesec- 
tion (500 ¢.c. of blood). On this basis 13 cases reacted favorably ; and 
of these, a total of 11 showed definite clinical improvement. The corol- 
lary unfortunately does not hold; failure to effect an adequate fall in 
the venous pressure does not necessarily exclude a clinical advantage 
from the procedure, as witness cases 5 and 10 (second blood-letting) 
and 11 and 21 (single venesection). 

The ultimate outcome of this group of 22 cases was quite illuminat- 
ing. Only 10 individuals left the hospital. On the other hand, of the 
12 cases terminating fatally, 5 survived the venesection by longer than 
a week, a limit which was arbitrarily set by Eyster and Middleton!’ 
as a fair indication of survival from the emergeney which had led to 
venesection. The days of death after venesection in these cases were 
42, 39, 33, 115, and 10, respectively. Two other cases survived 5 days 
and the remaining 5 fatal cases, 31, 24, 6, 4 and 3 hours, respectively. 
Clearly the last-mentioned group of 5 fatal cases (Nos. 4, 12, 16, 18 
and 20) constitute a type in which hindsight might well condemn the 
plan of attack. It is interesting, too, that not a single case of this 
limited group showed early amelioration of right heart distress, and 
only 1 (Case 18) possibly fell in the group in which an adequate venous 
pressure fall was noted. 

Characteristic clinical responses to venesection are abstracted in the 
following contrasting reports: 

Case 4.—A white male, 46 years old, was admitted to the Wisconsin General 
Hospital, Feb. 6, 1929, with a history of a cough of 6 weeks’ duration. Examina 
tion resulted in a diagnosis of bronchopneumonia with empyema (left). Three 
days later an accession of dyspnea and cyanosis was accompanied by a venous 
pressure of 30 em. of water. A venesection was performed and 600 c¢.c. of blood 
let. Immediately thereafter the venous pressure reading was 27 em. and in one- 
half hour the low level of 24 cm. was established. A subsequent rise to 26 em. 
was recorded in another half hour. Although the evidences of anoxemia were par- 
tially controlled by oxygen, the circulatory balance was never restored, and the 
patient died in 31 hours after venesection. In addition to the anticipated pleuro- 
pulmonary changes, necropsy revealed a serofibrinous pericarditis, cardiae hyper- 
trophy and dilatation and fibrous myocarditis. 

CASE 19.—A white male, 47 years old, was admitted to the Wisconsin General 
Hospital, March 23, 1929, complaining of dyspnea and weakness. A background 
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of rheumatic fever was established for the pieture of cardiae decompensation, which 
included in addition to the subjective complaints above mentioned, generalized 
edema, nausea, vomiting, cough, cyanosis, congestive rales, cardiae enlargement, 
auricular fibrillation, hepatic engorgement, positive centrifugal venous pulse and 
ascites. A day’s rest and medication failing to stabilize the circulatory condition 
and a venous pressure of 18-20 em. of water pertaining, 500 c¢.c. of blood was 
withdrawn. During the course of the phlebotomy the patient expressed marked 
relief in the respiratory oppression, dyspnea subsided, and the cyanosis was lessened. 
Immediately after the venesection, the venous pressure registered 12 em. of water 
and so remained for 12 hours. With but one temporary slump the advantage gained 
from venesection was maintained. 


1 and 


A comparison of results between the previously reported cases 
the present group would seem justified by the parallelisms in numbers, 
types, technic and controls. Eyster and Middleton’ reported immedi- 
ate improvement in 15 of 21 cases (71.4 per cent) as compared with 
14 and 22 (63.6 per cent) in the present series. The ultimate results 
on the other hand indicate a more favorable response in the present 
group, 10 of 22 cases (45.4 per cent) surviving as compared with 6 of 
21 (28.5 per cent). <As in the earlier experience, a favorable primary 
response to venesection constituted a good prognostic sign, in that 
even the fatally terminating cases enjoyed a disproportionately ex- 
tended length of life as compared with those showing no such immedi- 
ate improvement after venesection. This rule held in all except Case 
14 after the second venesection. 


SUMMARY 


In conelusion it may be granted that the immediate results from 
venesection of 500 ¢.c. in congestive heart failure are frequently spee- 
tacular and in a majority of instances, beneficial. From the very na- 
ture of the cases selected for this procedure ultimate recovery is not 
anticipated in a high proportion. Nevertheless, a survival of 45.4 per 
cent is reported in this group and an apparent prolongation of life 
claimed in an added 22.7 per cent (5 cases). The application of such a 
mechanical therapeutic measure as venesection offers a field of partieu- 
lar usefulness for venous pressure determinations, in that not only does 
venous hypertension constitute an index of right heart load, but the 
degree of primary fall in venous pressure on blood-letting and the 
curve thereafter serve as excellent prognostic measurements of its 
efficiency. 
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THE USE OF CALCIUM CHLORIDE GIVEN INTRAVENOUSLY 
IN CONGESTIVE HEART FAILURE* 


Harotp J. Stewart, M.D. 
New York, N. Y. 


ig ILAS long been known that the presence of calcium ions is necessary 
to the function of contraction of heart muscle. Merunowiez' in 
1875 first observed that the aqueous extract of ash when used as a 
perfusate would support contraction of the heart. It remained for 
Ringer,’ however, to discover the necessity of the presence of calcium 
ions in the perfusion fluid. Following these observations, the study of 
ions in relation to the heartbeat was extended by Howell,’ Loeb,' 
Burridge,® Mines® and others until it was finally established that the 
presence of calcium ions is necessary for the mechanism of contraction 
of heart muscle, while the presence of potassium ions is necessary for 
that of relaxation, and that the principal function of sodium ions is 
to maintain the proper relations of osmotic pressure. In the study of the 
pharmacological action of digitalis an attempt has been made to con- 
nect the action of digitalis with the presence of sodium, potassium or 
calcium ions. Clark’ in 1912 published experiments on the perfused 
hearts of frogs which led him to conclude that the systolie aetion of 
digitoxin upon the frog’s heart was dependent upon the presence of 
calcium ions, that diminution of the quantity of calcium in Ringer’s 
solution diminished the systolic action of digitoxin while the presence 
of an excess of these ions did not influence the systolic action of 
digitoxin. Konschegg,* however, from data also obtained from per- 
fusion experiments, came to an opposite conclusion, namely, that a 
strophanthin (digitalis) effect was not connected with the presence of 
caleium since the drug was still effective in hearts which had been 
washed free of this ion by prolonged profusion. 

In 1917 Loewi® made a report of perfusion experiments bearing on 
this subject. He concluded that a strophanthin (or digitalis) effect 
consists only in making the heart muscle receptive to calcium ions; 
increased receptiveness is followed by an increased calcium effect. It 
is the function of digitalis bodies, in other words, merely to sensitize 
the heart muscle to the action of calcium which is already present in 
the circulating blood. He was of the opinion that the proportion of 
calcium was not lowered in eases of heart failure but that the sensitive- 
ness of the heart muscle to the concentration of calcium present in the 
blood was diminished. Digitalis acts by restoring the sensitiveness of 
heart muscle to that concentration of calcium. The same result was 

*From the Hospital of the Rockefeller Institute for Medical Research, New York. 
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said to be attainable if the level of calcium in the blood was temporarily 
raised by injecting calcium intravenously. Singer’ on the basis of 
Loewi’s experiments began injecting calcium chloride intravenously in 
the treatment of congestive heart failure. He reported excellent 
diuretic effects from its use. Later, he administered digitalis orally or 
intravenously simultaneously with the injection of calcium chloride 
intravenously. His results were striking in that diuresis amounting to 
from 7000 e.c. to 8000 ¢.e. per day was reported. Hellmann and Koll- 
mann!! confirmed these results in case of ‘‘ Aortenfehlern’’ and ‘‘Mye- 
degeneratio cordis.’’? Loewenberg” observed similar effects following 
the intravenous injection of calcium chloride. 

We are now reporting our experience with the intravenous injection 
of ealeium chloride. 

We have approached the problem from two points of view. In the 
first place we wished to ascertain whether calcium chloride in the 
amounts administered had an effect on the function of contraction 
of heart muscle in man, and in the second place we wished to test its 
diuretic effect in cases of congestive heart failure. 

Before giving calcium chloride intravenously to patients we took 
the precaution of making preliminary observations on dogs with a view 
to learning the dose with which toxie effects on the heart were induced. 

We injected calcium chloride (10 per cent solution), 0.5 gm. to 1.1 
gm., intravenously in dogs without the appearance in the electrocardio- 
grams of ventricular premature contractions or ventricular standstill. 
In one dog we injected intravenously at the same time calcium chlo- 
ride, 0.5 gm. and 30 per cent of the caleulated lethal dose of tineture 
of digitalis (Upsher Smith). About forty minutes after the injection 
frequent ventricular premature contractions occurred and were still 
present one and one-half hours after the injection ; they were no longer 
present the next day. One week later the experiment was repeated 
and similar results were obtained. One week later still, a smaller dose 
(25 per eent of the ecaleulated lethal dose) of the same tineture was 
injected with the same amount of calcium chloride. In this case ir- 
regularity did not occur. A second dog was given 25 per cent of the 
calculated lethal dose of the tincture of digitalis intravenously with- 
out causing an irregularity. Two hours later calcium chloride, 0.5 gm., 
was given intravenously and ventricular premature contractions failed 
to develop. One week later, when 30 per cent of the caleulated lethal 
dose was injected followed by the same amount of calcium chloride, 
a slight extrasystolie irregularity developed. It appears then that 30 
per cent of the calculated lethal dose of digitalis is critical when com- 
bined ‘with the injeetion of ealeium chloride. 

To study the effect of calcium ions on the funetions of contraction: 
we used the method of the moving x-ray films which was adopted by: 
Cohn and Stewart" in their study of the effect of digitalis on contrae- 
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tion in the human heart muscle. This method consists in photograph- 
ing with roentgen rays the excursions of the two borders of the heart. 
By this method continuous curves are obtained, the curves recorded 
representing the shortening or contraction undergone during systole 
by that portion of the left ventricular and right auricular margins 
which are photographed. The apparatus and technic of obtaining 
these curves has been described by Cohn and Stewart. These observa- 
tions were made in male patients, the subjects.of heart disease whose 
chests were reasonably thin and who were free of edema. 

Preliminary moving x-ray photographs were taken at the level of 
the apex of the heart. This level was marked on the patient’s chest. 
Immediately afterward the patient lay down and sterile caleium chlo- 
ride (10 per cent solution) was injected intravenously. Moving x-ray 
photographs were then made at the same level as that at which the 
preliminary curve had been taken, the exposures being made at in- 
tervals ranging from two to thirty minutes after the injection. <A 
series of such photographs was made of patients who had not received 
digitalis. In a second series of patients digitalis was given until by 
electrocardiograms (T-wave and conduction changes) and clinically 
(in auricular fibrillation slowing of ventricular rate) a digitalis effeet 
was observed. After preliminary moving x-ray photographs were 
made of these patients, calcium chloride was given intravenously, and 
x-ray moving films were again taken, exposed as in the first instanee. 
Both series of observations were made in patients in whom the rhythm 
Was normal as well as in those who exhibited auricular fibrillation. 
Only those curves were measured in which the stationary films taken 
at the time the moving films were exposed showed that identical points 
on the left ventricular margin had been exposed in the photographs 
taken after injecting calcium chloride as had been exposed in the pre- 
liminary films. The excursions made by the heart’s border were traced 
on tissue paper and the height of the left ventricular excursions meas- 
ured in the manner described by Cohn and Stewart." 

The method of injecting calcium chloride was as follows. A vene- 
puncture needle to which a Luer syringe was attached was inserted 
into a cubital vein. A small amount of blood was withdrawn in order 
to be certain that the needle had entered the vein. With the needle 
left in place this syringe was disconnected and one containing calcium 
chloride solution was substituted for it. Caleium chloride was in- 
jected slowly. The technic described avoids the danger of introducing 
calcium chloride into the subcutaneous tissues. If this oceurs, necrosis 
of the tissues is said to take place. During injection the patients 
described a sensation of heat in the blood vessels as the calcium chlo- 
ride was carried through the body. A few patients called attention to 
a salty taste. No untoward effects were observed either during or 


following injection. We have made studies of six patients; in four, 
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observations were made before they received digitalis and again after 
digitalis had been given. Of one patient, only, those photographs 
taken during the calcium chloride period were suitable for measure- 
ment, while of the sixth patient, the curves were measurable only in 
those photographs taken when calcium chloride was given at the time 
the patient was under the influence of digitalis. 

A complete protocol is given in one ease only. 


CASE 1—R. McCl. was a male, 18 years old. He complained of shortness of 
breath, weakness, loss of appetite and precordial pain of several months’ duration. 
He had suffered from chorea in childhood. The tonsils were excised first when he 
was 6 years old. Frequent attacks of tonsillitis occurred from 1915 to 1920. 
There was an attack of acute rheumatie fever in 1916. In 1924 the tonsils were 
removed again. Since the last tonsillectomy there had been no attacks of acute 
tonsillitis. He was well from 1924 until the onset of the present illness. 

Physical Examination.—The patient was a well-nourished, well-developed youth. 
He lay flat in bed without respiratory distress. There was no cyanosis. The teeth 
were in excellent condition. The tonsils had been cleanly removed. The heart 
was slightly enlarged. There were no thrills over the precordium; the heart 
sounds were essentially clear both at the apex and over the base, except for a 
presystolic element in the abrupt first sound. The second pulmonie sound was re- 
duplicated. The heart rate was slow. The rhythm was regular except for occasional 
premature contractions which were followed by short compensatory pauses. The 
systolic blood pressure measured 100 mm. of mereury and the diastolic 70 mm. 
The lungs were clear. The abdomen was negatite. There was no edema. The 
Wassermann reaction in the blood was negative. The urine was negative. The 
phenolsulphonephthalein excretion, the concentration and dilution tests for water 
excretion, and the index of urea excretion, all showed normal values. The leu- 
kocyte count varied between 11,000 and 15,000 when he was first admitted to hos- 
pital but later fell to 8,000. The count of the red blood cells was 7,000,000. The 
oxygen capacity of the bleod was 10.28 mM. O., which is equivalent to 124 per 
cent hemoglobin, The electrocardiogram showed a normal rhythm and the con- 
duction time was normal. There were oecasional premature contractions. 

On March 7, the patient was under the influence of digitalis; the left ventricular 
excursion at the level of the fourth interspace measured 5.2 mm. (Table I). Ten 
minutes after the intravenous injection of calcium chloride 0.5 gm. the excursion 
was 5.5 mm., that is to say it was substantially unchanged, 

On March 9 the patient was still under the influence of digitalis; the left ven- 
tricular excursion measured 5.7 mm. Eleven minutes after caleium chloride, 0.6 
gm., had been injected, it was 5.5 mm.; 22 minutes afterward it was 5.9 mm., that 
is to say the extent of ventricular contraction was unchanged. It may be recalled 
that 1 mm. is within the limits of error of measuring these curves. The patient 
received no digitalis for 10 days. On Mareh 17 the excursion at the level of the 
fourth interspace was 5.4 mm. Ten minutes after the injection of calcium chloride, 
0.8 gm., it was 6 mm., and 28 minutes afterward 6.4 mm. On April 10 when the 
patient was not under the influence of digitalis, the left ventricular excursion was 


6.1 mm. The excursion was 5.9 mm. 6 minutes after the injection of calcium 
chloride, 0.8 gm., and 24 minutes afterward 7 mm. He was then given digitalis. 
On April 14 the left ventricular excursion was 7.2 mm.; 10 minutes after the in- 
jection of calcium chloride, 0.8 om., it was 7.2 mm.; 20 minutes afterward it was 
6.5 mm. It is clear then that caleium chloride did not increase the extent of con- 
traction of the left ventricle either when it was given alone or when the patient 
was under the influence of digitalis. 
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TABLE II 


SUMMARY OF TILE OBSERVATIONS ON THE EFFECT OF CALCIUM CHLORIDE ON THE LEFT 
VENTRICULAR Exc URSION OF THE HEART 


EFFEC T 
NUMBER | ON LEFT 
CASE OF OB- VEN- 
RHYTHM NO. SERVA- | TRICULAR DIAGNOSIS* 

TIONS EXCUR- 
SION 

Calcium |Normal | Case 1 2 0 A: Acute rheumatic fever (inac- 

chloride | tive). 
B: Chronie myocarditis. 


C: Normal sinus rhythm; auric- 
ular premature contractions; 
cardiac pain, 

Case 2 1 0 A: Aeute rheumatie fever (?). 

B: Cardiac hypertrophy; mitral 
stenosis and insufficiency; right 
ventricular preponderance, 

C: Normal sinus rhythm. 

Case 3 3 0 A: Acute rheumatic fever (inac- 

tive); chronic nephritis. 

B: Mitral imsufficiency; cardiac 

| hypertrophy; right ventricular 

| preponderance. 

C: Normal sinus rhythm; arterial 

hypertension. 


Case 4 1 0 A: None. 
(Out- B: None. 
pa- | C: Normal sinus rhythm; cardiac 
tient) pain. 
Auricular | Case 5| 0 A: Aeute rheumatic fever (?). 
fibrilla- B: Mitral stenosis and _ insuffi- 
tion | ciency; aortic insufficiency; 
eardiae hypertrophy. 
C: Auricular fibrillation. 
Caleium | Normal Case 1 3 | 0 
and Case 3| 0 
Auricular | Case 5 5 0 
fibrilla- 6 1 0 |A: Aeute rheumatic fever (?). 
| tion B: Mitral stenosis and _insuffi- 
ciency; cardiac hypertrophy. 
Auricular fibrillation. 
Total: Calcium chloride 11 0 
Calcium chloride and 11 | 0 
digitalis 


*The diagnoses conform to the nomenclature for cardiac diagnosis approved by the 
American Heart Association. AM. HEART J. 2: 202, 1926. 
A = Etiological. 


B = Anatomical. 
C = Physiological. 


Since the observations on all six patients yielded similar results 
they are not reported in detail. The data of all the patients are, how- 
ever, summarized in Table II. Calcium chloride was given on seven 
occasions to four patients in whom the cardiac rhythm was normal 
and on four oceasions to one patient the subject of auricular fibrilla- 
tion. The extent of contraction of the left ventricle was not influ- 
enced by the drug in a single instance. It was given on five occasions 
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to three of the patients exhibiting a normal rhythm who had before- 
hand been given digitalis, and on six occasions to two patients, sub- 
jects of auricular fibrillation while under the influence of digitalis. In 
these instances also the injection of calcium chloride failed to induce 
a change in the extent of the left ventricular excursions. Since Cohn 
and Stewart" have shown that therapeutic doses of digitalis give rise 
to increases in the contractions of the left ventricle, we conclude that 
calcium chloride in the doses given does not affect the extent of con- 
tractions of the left ventricle, at least at the point of the ventricular 
margin which we studied. 

There is, however, the possibility that calcium chloride might influ- 
ence the force of ventricular contraction, although it does not affeet 
the extent of contraction. Patients in whom the auricles are fibril- 
lating lend themselves to the study of this phase of the problem. If 
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Fig. 1.—This shows the effect of intravenous injection of calcium chloride on the ven- 
tricular and on the radial pulse rate in Case 6, 


the force of ventricular contractions increased following the injection 
of calcium chloride, a greater number of cardiac systoles may be for- 
cible enough to open the aortic valves and to force blood into the vas- 
cular system; the pulse deficit will then be diminished. The patients 
studied from this point of view were at rest for one-half hour or 
longer. The ventricular rate at the apex and the pulse rate in one 
‘adial artery were counted simultaneously several times at intervals of 
a few minutes and the pulse deficit recorded. Calcium chloride was 
then given intravenously; the pulse rates were counted again at in- 
tervals of a few minutes until the end of one hour. These observations 
were made in several patients before digitalis was given and later also 
when the patients were under the influence of this drug. The injection 
of calcium chloride did not decrease the pulse deficit appreciably (Fig. 
1); although it appeared that when the patient was not under the 


influence of digitalis and calcium chloride was injected, it was slightly 
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less for a few minutes after its injection, that is to say the number of 
effective beats was slightly larger; this effect, however, was only transi- 
tory. The results in the other patients were identieal. No evidence is 
gained then from these observations that calcium chloride influences 
more than transiently the force of the ventricular contraction either 
if given alone or if given when the patient is under the influence of 
digitalis. 

To ascertain the effect of calcium chloride upon the heart muscle 
three patients, subjects of auricular fibrillation, and three patients in 
whom the eardiae rhythm was normal were studied electrocardio- 
graphically. In two patients of each group observations were made 
when they were under the influence of digitalis as well as when they 
were not. They were given a preliminary period of rest varying from 
thirty to sixty minutes. Electrocardiograms were taken immediately 
before and at intervals of a few minutes after the injection of calcium 
chloride until the end of one hour. No changes were observed either 
in the form of the electroecardiogram, in conduction time in eases of 
normal rhythm or in the ventricular rate following the injection of 
ealecium chloride. 

There is then no evidence that calcium chloride in the doses given 
influences either the force or the extent of contraction of the heart, or 
that the heart muscle is affected by it, at least in respect to the ob- 
servations which were made. 

The use of calciv chloride administered intravenously as a diuretic. 
—Following Singer’s'® recommendation calcium chloride was given in- 
travenously to twelve patients with edema of cardiae origin. All 
patients remained in bed until the effects of rest and of restriction 
of the intake of fluids had been established. Calcium ehloride was 
then given intravenously both to those who were not and to others 
who were under the influence of digitalis; in a third set of observa- 
tions digitalis was administered after the injection of calcium chloride. 
The report of these observations follows. 

CASE 8.—G. E. This patient was a male, 58 years old. The cardiac diagnosis 
was as follows: Etiological: arterial hypertension; anatomical: cardiac hypertrophy, 
chronie myocarditis, slight right ventricular preponderance; physiological: normal 
sinus rhythm, congestive heart failure. The signs of congestive heart failure were 
hydrothorax and edema. The Wassermann reaction of the blood was negative. 
The systolic blood pressure measured 160 mm. of mercury and the diastolic 120 mm. 
The patient suffered a first attack of congestive heart failure one and one-half 
years ago. The present one was the third. Tremendous .diuresis occurred when 
the patient was resting in bed and the fluid intake limited. It continued for 
many days. He became free of edema. When he began sitting up edema recurred. 
The patient was allowed to sit up the same number of hours each day. He was 
given calcium chloride, 0.1 gm., intravenously each night. On the fourth day there 
was a slight increase in the volume of urine. It was injected on four subsequent 
nights. The variation was no greater, however, than it had frequently been before 
the injection of calcium chloride. He was finally made free of edema hy taking 
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digitan 0.5 gm. every 2 weeks and this state has been maintained even after he 
returned to work. It was in patients like this one that Singer thought the in 
travenous injection of calcium chloride particularly effective. Diuresis did not , 
oceur, however, in this instance. 


CASE 9.—M. K. This patient was a male, 12 years old. The cardiac diagnosis 
was: Etiological: acute rheumatic fever (inactive); anatomical: mitral stenosis 
and insufficiency, tricuspid insufficiency, cardiac hypertrophy, right ventricular pre- 
ponderance; physiological: normal sinus rhythm, congestive heart failure. The 
signs of congestive heart failure were edema, right hydrothorax, ascites and en- 
largement of the liver. This was the first attack of congestive failure. It was 
of one month’s duration. Digitalis and theobromine diuretics were without diuretic 
effect. When the patient was not under the influence of digitalis, calcium chloride, 
0.2 gm. a day, was given intravenously on 2 days; there was no increase in the 
volume of urine. The results were identical when the observations were repeated. 
The output of urine did not increase, and the patient became worse and died. An 
autopsy was performed. The diagnosis was: chronic cardiac valvular disease 
(mitral stenosis, aortic stenosis, tricuspid stenosis), verrucous endocarditis (mitral, 
aortic and tricuspid), septicemia (Streptococcus hemolyticus), fibrous pericarditis, 
fibrous pleurisy, general edema, ascites, hydrothorax, splenomegaly, infarcts of the 
lungs and the spleen, advanced chronic passive congestion of the organs, cirrhosis 
of the liver, calcification of the pancreas, fatty degeneration of the aorta, de- 
cubitus ulcers. 


Case 10.—A. B. This patient was a female, 44 years old. The diagnosis was: 
Etiological: acute rheumatie fever (inactive); anatomical: mitral stenosis and in- 
sufficiency, cardiac hypertrophy, right ventricular preponderance; physiological: 
normal sinus rhythm, congestive heart failure. The signs of congestive heart failure 
were ascites, enlargement of the liver, and edema. The patient had been the 
subject of chronic congestive heart failure for 20 months. During this time 
paracentesis had been performed every 3 weeks for relief of ascites. The first 
attack of failure occurred 3 years before. The usual measures were without effect 
in relieving the patient of edema and ascites. Calcium chloride, 0.1 gm. a day, 
was injected intravenously on 3 days. The output of urine did not increase. She 
was not benefited by the administration of digitalis, nor did diuresis occur when 
novasurol was given. She became worse and died. The autopsy diagnosis was: 
chronic cardiac valvular disease (mitral stenosis), ascites, hydropericardium, chronic 
passive congestion of the liver, spleen and pancreas, chronic peritonitis, peri- 
hepatitis, perisplenitis, cirrhosis of the liver. 


CASE 11—A. W. This patient was a negro, 71 years old. The diagnosis was: 
Etiological; arteriosclerosis, arterial hypertension; anatomical: cardiae hypertrophy, 
chronic myocarditis, left ventricular preponderance; physiological: normal sinus 
rhythm, congestive heart failure. The patient had suffered from two attacks of 
congestive heart failure. The first occurred 4 months before. The signs of con- 
gestive heart failure were right and left hydrothorax, ascites, enlargement of the 
liver, and edema. The Wassermann reaction of the blood was negative. The 
systolic blood pressure measured 223 mm. of mercury and the diastolic 134 mm. 

The preliminary period before giving calcium chloride was not as well con- 
trolled as in the case of the other patients. While resting in bed the volume of 
urine increased. A water balance had not been reached under these conditions 
when calcium chloride was given. Calcium chloride, 0.2 gm., was injected in- 
travenously on each of 4 days and 0.5 gm. on the fifth day. The volume of urine 
remained above the fluid intake on each of these days; the increase in output was 
not greater, however, than had been the fluctuations before calcium chloride was 
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given. At this time facial erysipelas developed and the patient died. The diag- 
nosis at autopsy was: facial erysipelas, chronic myocarditis, fatty degeneration 
of the heart, cardiac hypertrophy and dilatation, hydropericardium, general arteri- 
osclerosis, edema, ascites, hydrothorax, terminal pneumonia of the upper lobe of 
the right lung, anthracosis, arteriosclerotie kidneys, perisplenitis and perihepatitis, 
umbilical and inguinal hernias. 


Summary.—tIn these 4 patients, then, diuresis did not oceur as a re- 
sult of injecting calcium chloride intravenously. 

To eight patients calcium chloride was given in combination with 
digitalis. It was injected either before digitalis had been given, at the 
same time, or after the administration of digitalis. 


CASE 12.—M. L. The patient was a male, 65 years old. The cardiac diagnosis 
was: Etiological: arteriosclerosis; anatomical: cardiac hypertrophy, chronic myo- 
carditis, mitral insufficiency, aortic roughening, left ventricular preponderance ; 
physiological: normal sinus rhythm, right intraventricular heart-block, congestive 
heart failure. Four attacks of congestive failure occurred in one year. The signs 
of failure were enlargement of the liver and edema. The patient remained in 
bed and was taking 1200 ¢c.c. of fluid a day. The output of urine remained low. 
Calcium chloride, 0.5 gm., was injected intravenously. Increase in output did 
not oceur. Since the patient was getting worse rapidly, digitan, 0.7 gm., was 
given within 9 hours. That day his output rose to 2843 ¢.¢c., and it was 5915 c.c., 
3233 ¢.¢., 2382 e.¢., 1140 ¢.c., 1123 ¢.c., and 998 c¢.c., respectively on the succeeding 
6 days. The patient lost 12.6 kg. in weight in 7 days; edema disappeared; the 
liver was no longer palpable. It was not necessary to give the patient more 
digitalis while he remained in hospital. 

The observations in this patient were not satisfactorily controlled because he 
was acutely ill. When ealcium chloride was injected intravenously one day fol- 
lowed by the administration of digitalis by mouth the next day, marked diuresis 
occurred. Several months later another attack of congestive failure occurred. On 
this occasion diuresis occurred when digitalis alone was given. 


Case 13,—P. P. This patient was a male, 51 years old. The cardiac diagnosis 
was: Etiological: arteriosclerosis; anatomical: chronic myocarditis, cardiac hyper- 
trophy; physiological: auricular fibrillation, congestive heart failure. This was the 
first attack the patient had suffered. It had been present for one month. The 
signs of congestive failure were right hydrothorax, enlargement of the liver, ascites 
and edema, The systolic blood pressure measured 120 mm. mercury and the 
diastolic 80 mm, The patient was given digitalis. Moderate diuresis occurred. 
Two days later calcium chloride, 0.5 gm., was injected intravenously. The volume 
of urine diminished. Following the administration of digitan, 0.4 gm., the output 
increased slightly for 2 days. The increase in output was, however, no more than 
occurred following the administration of digitalis alone. The patient left the 
hospital against advice. 


Case 14.—-8. C. (See Case 2, Stewarti4). This patient was a male, 66 years 
old. The cardiac diagnosis was: Etiological: arteriosclerosis; anatomical: mitral 
insufficiency, cardiac hypertrophy, left ventricular preponderance; physiological: 
auricular fibrillation, congestive heart failure. The signs of congestive failure were 
pulmonary congestion and edema, The patient had suffered from 3 attacks of 
failure in 5 years. The Wassermann reaction of the blood was negative. The 
systolic blood pressure measured 140 mm. mercury and the diastolic 80 mm. 

This patient was kept under the influence of digitalis for 3 weeks. He was 
then given calcium chloride, 0.3 gm., 0.3 gm., and 0.1 gm., respectively on 3 days. 


656 THE AMERICAN HEART JOURNAL 


There was no increase in the output of urine. This is the patient in whom mod- 
erate diuresis occurred when calcium chloride was given by mouth. The patient 
died following an attack of acute cardiac dilatation. The diagnosis at autopsy 
was: general arteriosclerosis, chronic cardiae valvular disease, cardiac hypertrophy, 
aneurysm of the abdominal aorta, diffuse hyperplastic sclerosis of the kidneys and 
the pancreas, infarets of the kidneys, terminal bronchopneumonia. 

CASE 15.—M. de H. This patient was a male, 72 years old. The cardiae diag- 
nosis was: Etiological: arteriosclerosis; anatomical: cardiac hypertrophy, mitral 
insufficiency, chronic myocarditis, left ventricular preponderance; physiological: 
auricular fibrillation, congestive heart failure. The signs of decompensation were 
left hydrothorax, ascites, enlargement of the liver, and edema. The patient had 
suffered from two attacks of heart failure. The first occurred 4 years before. 
The systolic blood pressure measured 114 mm. of mercury and the diastolic 76 mm. 

Caleium chloride, 0.2. gm., was injected intravenously on the same day that 
digitan, 0.5 gm., was given by mouth. The next day calcium chloride, 0.1 gm., 
and digitan, 0.2 gm., were given, and on the following day, calcium chloride, 
0.1 gm. Diuresis did not oecur, Later, when digitan, 2.1 @m., was given in 5 
days, marked diuresis occurred, and the patient became free of the signs of econ- 


gestive heart failure. 


CASE 16.—-D. di L. This patient was a male, 32 years old. The cardiac diag- 
nosis was: Etiological: acute rheumatic fever; anatomical: mitral insufficiency, 
‘ardiac hypertrophy and dilatation, right ventricular preponderance; physiological: 
auricular fibrillation, congestive heart failure. The signs of failure were ascites 
and edema. The patient had suffered from 2 attacks of heart failure. The first 
occurred 3 years before. 

When digitalis was given, the volume of urine increased. While moderate diuresis 
was occurring, calcium chloride, 0.5 gm., was injected on 2 days and 0.2 
the next 2 days; the administration of digitalis was continued. A further in- 


gm. on 


crease in the volume of urine did not oceur. During the next 2 weeks calcium 
chloride, 0.3 gm., was injected for several days in succession, and the administra- 
tion of digitalis continued. Diuresis did not occur. The patient became worse and 
died. The diagnosis at autopsy was: chronic cardiae valvular disease (mitral), 
verrucous endocarditis (tricuspid and aortic) calcification of the mitral valve. 


CASE 17.—G. B. (See Case 4, Stewart!4.) The patient was a male, 69 years old. 
The cardiac diagnosis was: Etiological: arteriosclerosis; anatomical: aortic stenosis 
and insufficiency, mitral insufficiency, cardiac hypertrophy, left ventricular preponder- 
ance; physiological: auricular fibrillation, congestive heart failure. The signs of con- 
gestive heart failure were right hydrothorax, enlargement of the liver, ascites and 
edema. This attack, the first that the patient had suffered, had been present for 
6 months. Caleium chloride, 0.1 gm., 0.1 gm., and 0.2 @m., was given on 3 suc- 
cessive days. The volume of urine did not change. The administration of digitan, 
0.5 gm., on the fifth day did not increase the output. Calcium chloride, 0.1 gm., 
was given on the seventh, and 0.2 gm. on the eighth days. Still it did not increase. 
On the day that digitan, 0.5 gm., was given a slight increase occurred. The ad- 
ministration of calcium chloride, 0.2 gm., on the eleventh and twelfth days, and of 
digitan, 0.5 gm., on the thirteenth day was not followed by diuresis. When eal- 
cium chloride and digitan were given in the same manner on the fourteenth, fif- 
teenth and sixteenth days, increase in output again did not occur. The administra- 
tion of digitalis was continued. One week later calcium chloride was given on 5 
days (0.1 gm., 0.2 gm., and 0.2 gm., respectively). Diuresis did not occur. The 
patient died several weeks later. The diagnosis at autopsy was: general arterioscle- 


rosis, chronic cardiac valvular disease (aortic), perforation of the intraventricular 
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septum, contraction of scar in the conus of the pulmonary artery, hypertrophy and 
dilatation of the right and left ventricles, chronie myocarditis, venous congestion 
of the organs, arteriosclerotie kidneys, cysts of the kidneys. 


Case 18.—S. F. (See Case 1, Stewart!4.) This patient was a female, 24 years 
old. The eardiae diagnosis was: LEtiological: acute rheumatic fever (inactive) ; 
anatomical: mitral stenosis and insufficiency, aortic insufficiency, cardiac hypertrophy, 
left ventricular preponderance; physiological: auricular fibrillation, congestive heart 
failure. The patient had suffered from 3 attacks of failure. Edema was present 
and the liver was enlarged. She had been in hospital for many months. The 
administration of digitalis was followed by slight diuresis, but it was not sufficient 
to free the patient of edema. Calcium chloride, 0.1 gm. a day, was given in- 
travenously on 5 days. Diuresis did not occur. On the sixth day, the administra- 
tion of digitan, 0.9 gm., was not followed by a greater diuresis than had occurred 
on previous occasions when its administration had not been preceded by the in- 
jection of ealcium chloride, The effect of digitalis was allowed to wear off. Cal- 
cium chloride, 0.1 gm. a day, was given on 6 days; increase in output did not 
oceur, On the eighth day, digitan, 0.5 gm., was given; slight diuresis occurred. 
On a third occasion when calcium chloride, 0.1 gm. a day, was given for 2 days fol- 
lowed by digitan, 0.5 gm., a change in output likewise did not occur. On a fourth 
oceasion, calcium chloride was given in 0.1 gm. doses on 8 days; the volume of 
urine did not increase. Now when on the ninth day digitan, 0.5 gm., was given, no 
greater output occurred than was expected from giving digitalis alone. 

In short when calcium chloride was injected intravenously alone, diuresis did 
not occur. When the injection of calcium chloride was followed by the adminis- 
tration of digitalis the increase in output was no greater than occurred when 
digitalis was given alone. 


Case 19.—O. M. The patient was a male, 44 years old. The cardiac diagnosis 
was: Etiological: hypertension, acute rheumatic fever (13 years before), syphilis 
(Wassermann reaction positive) ; anatomical: mitral insufficiency, aortic insufficiency, 
cardiac hypertrophy, left ventricular preponderance; physiological: normal sinus 
rhythm, congestive heart failure. Four attacks of heart failure had occurred within 
2 years. The signs of failure were hydrothorax, ascites and edema. The systolic 
blood pressure measured 190 mm. of mercury and the diastolic 60 mm, The admin- 
istration of theocalein (Merck) was followed by satisfactory diuresis. When 
digitan was given in doses sufficiently large to affect the form of the T-waves 
of the electrocardiograms, increase in the volume of urine did not occur. When 
the patient was no longer under the influence of digitalis, calcium chloride, 0.5 gm., 
was injected intravenously. The next day he was given digitan, 0.9 gm., the next 
day 0.4 gm., and on the following day 0.1 gm. VDiuresis did not occur. The pa- 
tient beeame free of edema after several months, This end was attained by limit- 
ing the fluid intake and by the administration of theocalcin and digitalis, While 
in hospital dullness on pereussion and rales on auscultation appeared in the left 
side of the chest in front. At the same time a shadow was seen in the x-ray 
photograph of the chest. A diagnosis of tumor of the lung was made. It in- 
creased in size very rapidly, and the patient died of carcinomatosis two months 
later. The diagnosis at autopsy was: carcinomatosis of left lung, liver and lymph 
glands, chronie passive congestion of the left kidney; hydronephrotie contraction 
of the right kidney, The heart on gross examination appeared normal. 


Summary—When ealeium chloride combined with the administration 
of digitalis was given intravenously to 8 patients suffering from con- 
gestive heart failure, diuresis did not occur except in one instance 
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(Case 12). In this ease there is doubt whether calcium chloride played 
a part in inducing diuresis. 


SUMMARY 


As has already been stated we could obtain no evidence by the meth- 
ods we employed that calcium chloride in the doses given influenced 
either the force or the extent of contraction of the heart. Further- 
more, when it was given to 12 patients with edema a diuretic effect 
was not observed. Nor did diuresis occur when the injection of 
calcium chloride was combined with the administration of digitalis. 
In one patient (Case 12) in whom the observations were not satis- 
faectorily controlled, there occurred striking diuresis when digitalis 
was given twenty-four hours after the injection of calcium chloride. 
There is reason from a later experience with this patient for thinking, 
however, that calcium chloride played no part in initiating diuresis. 
Inereases in output did not occur when calcium chloride was given to 
patients who were not suffering from congestive heart failure. 


DISCUSSION 


In only one of our cases did we observe, following the intravenous 
injection of calcium chloride, such a striking effect as Singer reported. 
In this instance it is not certain that calcium chloride played a major 
part. In the other cases diuresis did not occur. Most of the patients 
were those in whom all the measures employed were without effect in 
removing the fluid from the subcutaneous tissues and serous cavities; 
in most instances progression of heart failure continued until death 
occurred. Two, however (Cases 8 and 15), responded readily to other 
drugs (digitalis, theocalcin). We did not inject doses larger than 
1 gm. Salvesen, Hastings and MelIntosh'® have shown that if this 
amount of the salt is injected into dogs the amount of calcium in the 
serum of the blood increases 30 to 31 per cent shortly after injection 
and returns to normal four to six hours later. It may be that when 
this amount of calcium ehloride is distributed through the much 
greater volume of fluid which is present in man, that it is so diluted 
as not to raise appreciably the level of calcium concentration of the 
blood. 

That this amount of calcium chloride has an effect on the hearts of 
dogs was shown in our preliminary experiments; in these we demon- 
strated that 30 per cent of the calculated lethal dose of digitalis 
when combined with calcium chloride gave rise to ventricular pre- 
mature contractions, while 25 per cent of the caleulated lethal dose 
may be injected simultaneously with calcium chloride without the 
appearance of premature contractions. We observed no effect, how- 
ever, on the heart when 1 gm. of the salt (calcium chloride) was given 
to patients, whether they were or were not under the influence of 
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digitalis at the time of the injection. There was no increase in the 
extent of left ventricular contraction, in the foree of ventricular con- 
traction and no effect on the heart muscle that could be detected elec- 
trocardiographically. If doses were given to patients comparable to 
those given to dogs, effects might have been detected by the methods 
we employed. It did not seem wise, however, to inject larger amounts, 
since Singer observed striking results when only 0.1 gm. of the salt 
was injected alone or when this amount was combined with extremely 
small doses of digitalis. In the one patient in our series (Case 12) in 
whom diuresis occurred, it is uncertain, as has already been stated, 
whether this result was connected with the preliminary injection of 
ealeium chloride. On a subsequent admission excellent diuresis oc- 
curred when digitalis alone was given. From our experience with 
digitalis and from our present experience with calcium chloride it 
seems unlikely that caleium chloride played a role in initiating the 
diuresis that oecurred. 
CONCLUSIONS 


1. Caleium chloride when injected intravenously in man in amounts 
as large as 1 gm. had no effect on the extent of contraction of the left 
ventricle (method of the moving x-ray film) ; it was without effect on 
the force of contraction of the heart (if the number of effective beats 
in patients suffering from auricular fibrillation is used as a eriterion) ; 
and it had no effect on the electrocardiograms. These were the results 
whether the patient was or was not under the influence of digitalis 
when caleium chloride was injected. 

2. The injection of calcium chloride intravenously into patients suf- 
fering from congestive heart failure in doses varying between 0.1 and 
1 gm. did not result in diuresis. Digitalis did not appear to be more 
effective as a diuretic in these patients when it was combined with 
ealeium chloride than when it was given alone. 
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DIGITALIS TOLERANCE OF PATIENTS SUFFERING FROM 
RENAL INSUFFICIENCY* 
Frit, M.D., AND LEONARD Steuer, M.D. 


CLEVELAND, O1110 


HE clinical impression has been prevalent that patients suffering 

from renal insufficiency do not tolerate digitalis well.’ ? It has 
been believed that patients rapidly cumulate the drug and that digi- 
talis intoxication occurs after the administration of small doses. The 
present observations were undertaken to test the validity of this con- 
ception. 

Ten patients diagnosed as having chronic glomerular nephritis with 
varying degrees of renal insufficiency were chosen as subjects for this 
All patients were in hospital, and none had received digitalis 
The diagnosis of chronic 


study. 
previously during the hospital admission. 
glomerular nephritis was made on the history of a chronic illness, the 
presence of a secondary anemia, and on the urinary findings (pale 
urine, fixed low gravity, containing albumin, with easts and red blood 
cells). All patients had impairment of renal function as indicated by 
the retention of protein metabolites in the blood. The laboratory data 
are summarized in Table IT. Eleetrocardiograms were taken before 


TABLE I 


| | TIME TO| 
MG. OF FIRST 
PATIENT| AGE P.S. P.| PER | DIGITALIS nome or CHANGE| TOTAL SYMPTOMS WITH 
| 2 | 100 OF DOSAGE DOSAGE 
| T-WAVE T-WAVE 
A. M. |20 years - | 268 9.3 ¢.¢c. | 0.93 gm. |24 hrs. |64.0¢e.| None 
R.L. | 44“ | 17% | 157 | 6.6e.c.| 0.66 em. |16 hrs. |20.0 e.c.| Vomited 20.0 c.c. 
| 15% | 259} 8.0 ¢.c.| 0.8 gm. {48 hrs. | 14.6 ¢.c.| Vomited 14.6 
A.C. | 28 15% | 380} 28.0 2.8 6 days | 28.0 ¢.c.| Vomited 28.0 e.c. 
| 239% | 151) 8.0¢.c.| 0.8 gm.| 2 days | 26.6 ¢.c.| Vomited 26.6 
J.A.}49 | 359/114] 9.3ee.| 0.93 om.| 2 days | 15.3 ¢.c.| Vomited 15.3 e.e. 
A. R. | 30% | 74| 6.0¢e.c.| 0.6 gm.| 2 days | 21.0 ¢.c.| Vomited 14.6 c.c. 
| 276 | 12.0 ¢.c.| 1.2 gm.} 3 days | 20.0 ¢.c. | None 
136“! | 341 | 28.0 e.c. | None 
A.R. | 35 | 38| 12.060.) 1.2 om.| 2 days | 21.3 | None 


digitalis was given. 


were taken after customary standardization of the string. 
Digitalis was administered as 


tion of 1 millivolt—1 em. deflection.) 


The usual leads were employed, and all records 


(Introdue- 


the U. S. P. tineture of known potency and in doses comparable with 
clinical practice, viz., 1.3 ¢.c. three times daily. This dosage was 


chosen additionally because Cohn, Fraser, and Jamieson used like 


*From the 
land, Ohio, 


Medical Clinic 


of Western 


Reserve University at City 
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Hospital, Cleve- 
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amounts in their study of the effects of digitalis on the T-wave (0.4 


gm. digipuratum daily). The results of this study then can be com- 
pared with the results of their observations. The physiological effect 
of the drug was noted celinically (loss of appetite, nausea, vomiting) 
and electrocardiographically (flattening and inversion of the T-wave), 


RESULTS 

Ten patients with glomerular nephritis were given 1.3 ¢.c. tincture 
of digitalis three times daily until electrocardiographic evidence of 
digitalization occurred or until clinical symptoms of intoxication were 
noted. The first definite alteration in contour of the T-wave was noted, 
and this early change was checked with later marked alteration in 
contour. From 6.6 ¢.c. to 12 ¢.e. were given before the T-wave altered. 
In one instanee 28 ¢.c. were given before change in the T-wave oe- 
eurred. The total amount of digitalis taken varied from 14.6 to 64 ce. 
In the last column is noted the amount of digitalis which was neeces- 
sary before nausea or vomiting occurred. The latter symptoms could 
not be observed in one case because of the presence of nausea before 
the administration of digitalis. 


DISCUSSION 


The amount of digitalis required to induce intoxication was first 
studied by Withering.* He wrote that ‘‘about thirty grains of the 
powder or eight ounces of the infusion may generally be taken before 
the nausea commences.’’ He gave one to three grains of the powder 
twice daily. This observation is one in which most clinicians will con- 
eur. It will be seen in Table I (last column) that the total dosage 
required to cause nausea varied from 14.6 ¢.c. to 26.6 ¢.e. (21.9 to 39.9 
erains). Cohn, Fraser, and Jamieson* noted that the T-wave in the 
electrocardiogram was usually inverted after the administration of 
digitalis. They noted also a variation in the amount of digitalis caus- 
ing this change. With a usual daily dose of 0.4 gm. of digipuratum 
the first change in T-wave was seen as early as from 36 to 48 hours 
after the onset of therapy. The inversion of the T-wave in their series 
lasted from 5 to 22 days after the drug had been stopped. In two of 
our eases the T-wave returned to normal in 12 and in 20 days respee- 
tively. Bromer and Blumgart’ recently noted a great variation in the 
amount of digitalis required to alter the T-wave. 


CONCLUSION 

It will be seen that these ten patients with impaired renal function, 
from moderate to considerable degree, tolerated digitalis well. The 
amounts of digitalis necessary to alter the T-wave in the eleetrocardio- 
gram were no less than cardiae patients usually require. This obser- 
vation was confirmed by clinical evidence as well. 


. Stevens, A. A.: A Textbook of Therapeutics, Philadelphia and London, 1923, 
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THE VELOCITY OF BLOOD FLOW IN HEALTH AND DISEASE 
AS MEASURED BY THE EFFECT OF HISTAMINE 
ON THE MINUTE VESSELS*ft 


Soma Weiss, M.D., Georce P. Ross, M.D., 
AND HERMANN L. M.D. 


Boston, Mass. 
INTRODUCTION 


IIE velocity of the blood flow is an important characteristic of the 

circulation.’ * In different individuals under similar conditions 
variations are relatively slight, while in various pathological states of 
the cireulation considerable deviations from the normal are present. 
The variations from the normal often parallel the degree of circulatory 
insufficiency. Measurement of the velocity of blood flow along the 
important pathways is, therefore, serviceable in evaluating objectively 
the efficiency of the circulation. It is of considerable practical impor- 
tance that measurement of the velocity of blood flow should demand 
little cooperation on the part of the patient. The results of a number 
of methods for the measurement of various aspects of the circulation 
are of doubtful value because their proper application depends upon 
full cooperation of the patient. 

All methods used in the past for the measurement of the velocity of 
blood flow in man consist in the injection of a relatively indifferent sub- 
stance into a peripheral vein and the determination of the time elaps- 
ing between the injection and the arrival at another designated part of 
the vaseular system. This arrival time has been determined: A, by the 
appearance of the color of the injected substance in the serum follow- 
ing arterial or venous punctures (fluorescein) ;* or B, by registration 
of change in the conduetivity in the blood as a result of the arrival of 
an injected electrolyte. Concentrated salt solution has been injected 
intravenously, and an electrode through the skin has been inserted 
next to the radial artery,’ or into the cubital vein.° The arrival of the 
salt solution in the corresponding part of the vessel has been registered 
with the aid of a galvanometer. (C,a third method used for the meas- 
urement of the circulation time is that of injecting a small amount of 
nontoxie radio-active substance intravenously and detecting its arrival 
in one or several parts of the vascular system by specially constructed 
detectors which are sensitive enough to register the direct radiation of 
the active deposit when the latter arrives at the part of the vessel 

*From the Thorndike Memorial Laboratory, Boston City Hospital, and the De- 
partment of Medicine, Harvard Medical School, Boston, Mass. 


7This investigation was aided by a grant from the William W. Wellington Fund 
of the Harvard Medical School, 
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under observation.” ** Each of these methods offers certain advan- 
tages over the others, depending on the purpose of the inquiry. 


THE PROBLEM 


While engaged in a study of the effect of the intravenous adminis- 
tration of histamine on the peripheral part of the vascular system of 
normal individuals,” it was observed that the onset of facial flush fol- 
lowed the injection of histamine at a quite definite and regular inter- 
val, and that the onset of the flush was rather sharp and easily detect- 
able. It was thought that the time interval elapsing between the 
injection into the antecubital vein and the appearance of the flush 
might express the time necessary for a particle of blood to progress 
from the antecubital vein into the small vessels of the face.* 

Attempts to measure the circulation time with the administration of 
chemical substances which exert a definite effect on some easily ob- 
served physiological function are few. Loevenhart, Schmolovitz and 
Seybold"! determined the circulation time of the rabbit and the cat 
by injecting sodium cyanide intravenously. Sodium cyanide, as is well 
known, stimulates the respiratory center, and so the period elapsing 
between the injection and the appearance of increased respiration was 
used as a measure of the circulation time. The circulation time ob- 
tained by this method in rabbits corresponded closely to that obtained 
with ferrocyanide, hexamethylene tetramine and lithium chloride. In 
cats the reaction time to sodium cyanide was slower than the circula- 
tion time obtained by the other methods. 

Bornstein’? administered one deep breathful of air containing be- 
tween 5 and 7 per cent of carbon dioxide to normal subjects and to 
patients, and the time interval between the inhalation of the carbon 
dioxide and the appearance of the first deep inspiration was used as an 
expression of the circulation time between the capillaries of the lung 
and of the respiratory center. Bornstein recognized that this method 
was inaccurate and that its application was greatly limited by the vari- 
ability in the response of the respiratory center to carbon dioxide in 
many pathological conditions. According to him, the circulation time 
observed under such experimental conditions was about half of the 
cubital vein to cubital vein circulation time. As far as we know, only 
short preliminary reports appeared on these two attempts. 

The application of a chemical substance which exerts a definite and 
easily detectable change on a bodily function offers the great advan- 
tage for the measurement of the circulation time because of its extreme 
simplicity. To use a substance for such a purpose the following pre- 
requisites should be fulfilled : 


1. The substance must not be toxie in the amounts utilized. 


_ *Harmer and Harris” administered intravenously small amounts of histamine in a 
few instances. 


‘ 
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2. The substance should not influence the velocity of the blood flow 
during the first circuit of its flow following the injection. 

3. The substance and its effect on the body should disappear rapidly, 
so that the test can be repeated at short intervals. 

4. The reaction time of the substance after its arrival in the tissues 
where the proper changes are expected should be short. 

5. The change in the function of the body which is used as a signal 
of the arrival of the substance should occur both in normal and in 
pathological conditions of the body, and should be detected easily. 

The time which elapses between the injection of a substance and the 
detection of the signal sign (flush, respiratory effect, ete.) includes the 
circulation time, and also the time necessary for the effect of the 
chemical agent to manifest itself following the arrival of the substance 
in the small blood vessels (capillaries). This latter period (the time 
elapsing between the arrival of the substance into the capillaries and 
the manifestation of its action) should be ealled the reaction time 
proper of a substance. This reaction time is more uniform than the 
*‘reaction time’’ which includes the entire period from the time of in- 
jection until the manifestation of the physiological change. Neverthe- 
less, hereafter the term reaction time is used as the time which elapses 
between the injection of histamine and the onset of flush as observed. 


PLAN OF INVESTIGATION 


The intensity of the pharmacodynamie effect of a substance depends 
on the concentration in which it comes into contact with the tissues. It 
was expected, and found by experience, that the smaller the volume 
and the greater the concentration of the histamine solution injected, 
the more definite and intense was the facial flush. The injection of a 
small volume also had the advantage of not changing the blood volume 
in any appreciable amount. The application of histamine in increased 
concentration was limited by its undesirable effect on the body. After 
the administration of relatively large doses, a marked rise in the ear- 
diae rate, occasional marked fall in the blood pressure, sensation of 
weakness, headaches, nausea and vomiting were observed. After some 
experience it was found that the sudden injection of 0.001 mg. of 
histamine phosphate per kilogram of body weight in a concentration 
of 1:10,000 or 1:5000 regularly produced marked flush of the face in 
white individuals. Almost simultaneously with the onset of flush, a 
sensation described as ‘‘salty,’’ ‘‘metallic,’’ ‘‘eleetrie’’ is felt in the 
tongue of the subject. This sensation offers a check for the observation 
of the color. In the later part of our investigation we used the concen- 
tration of 1:5000 of a solution of histamine phosphate, 0.35 ¢.c. being 
used in an average man of 70 kg.* The injection was made suddenly 


*All doses are expressed in terms of histamine phosphate. 
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from a finely graduated Luer syringe. The time of the injection and 
the onset of flush and taste were registered with a stop watch. Good 
direct daylight facilitated the recognition of the flush. 

To ascertain whether the time obtained under such an experimental 
condition corresponded to the true circulation time, and to gather evi- 
dence as to whether the procedure was feasible for practical applica- 
tion, the following observations were made. 

The reaction times of a large number of normal subjects and of pa- 
tients were studied, and the results were compared with the circulation 
time obtained on another group by the radioactive deposit method. To 
compare the results of the two procedures in the same individual under 
identical conditions, the histamine reaction time and the circulation 
time by the radioactive deposit method were determined simultane- 
ously in normal persons and in patients with cardiovascular disease. 
To ascertain whether the histamine circulation time could be repeated 
at short intervals, tests were made on the same individuals at short 
intervals. To observe the effect of the intravenously administered 
histamine on the circulation, the cardiae rate was measured by electro- 
eardiographie tracings taken during and after the measurement of the 
circulation time. Similarly repeated blood pressure determinations 
were carried out during and after the test. As the pharmacodynamic 
action of histamine produces marked effects on the small vessels, it was 
important to learn whether the drug exerted any definite effect on the 
pulmonary arterioles, capillaries and venules. If such an effect were 
present, it might alter the circulation, the very thing to be measured. 
Direct observations on the effect of histamine on the pulmonary eapil- 
laries of man are not feasible. For this reason direct observations were 
made on the pulmonary eapillaries in the eat.'* No definite changes 
were observed in the behavior of the pulmonary capillaries. In addi- 
tion, the pulmonary circulation time of normal subjects and of patients 
was measured following the injection of histamine. 


OBSERVATIONS 


The Reaction Time of Histamine in Normal Individuals.—Histamine 
phosphate, in amounts of 0.001 mg. per kg. of body weight in 1:5000 
or 1:10,000 solution, was injected into the antecubital vein of 65 nor- 
mal subjects, and the reaction time on the small vessels of the face was 
determined. The ages of these individuals varied from fourteen to 
sixty-nine years. All tests were performed with the subjects in the 
recumbent position after their confidence and cooperation had been ob- 
tained. The findings are summarized in Table I, according to the age 
incidence of the subjects. In 65 normal subjects the reaction time be- 
tween the cubital vein and the small vessels of the face varied between 
13 and 30 seconds; the average circulation time was 23 seconds. It is 
of interest that the arm to arm circulation time in 53 normal individu- 
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als measured by the radium active deposit method, varied between 14 
The 


histamine 


and 24 seconds; the average circulation time was 18 seconds.® 
slightly more prolonged reaction time obtained by the 
method is probably explained by the fact that the histamine method 
measures the time necessary for the arrival of the blood to the eapil- 
laries, while the radioactive deposit method measures the time of ar- 
rival of the blood in a large artery (cubital artery). It is known that 
the blood flow slows down considerably in the smaller vessels. E. 
Hering™ estimated the capillary circulation time to be 5 seconds. 
Koch® observed in one subject the appearance of fluorescein in the 
cubital artery in 10 seconds, while the dye was detected in the cubital 
vein in 18 seconds, corresponding to a capillary circulation time of 8 
We observed even greater difference between the arterial 
The time 


seconds. 
and venous cireulation times with the fluorescein method.$ 


TABLE I 
THe REAcTION TIME OF HISTAMINE IN SIXTY-FIv—E NORMAL INDIVIDUALS 
AGI NO. OF HRARYT AVERAGE BLOOD PRESSURE REACTION TIME AVERAGE 
SUBJECTS “ante SYSTOLIC DIASTOLIC MINIMAL MAXIMAL 

Years mm. Hg. mm. He. seconds seconds seconds 
10-19 12 S2 118 64 13 22 18 
20-29 16 80 116 72 14 30 21 
30-39 13 S4+ 124 76 15 2g 23 
40-49 10 78 128 SO 20 30 25 
50-59 7 80 134 S4 17 22 20 
7 S4 138 SS 21 27 25 


60-69 


which elapses between the arrival of histamine in the small facial ves- 
sels and the appearance of flush, may also be a factor in the difference 
between the results obtained with the two methods. It should be re- 
membered, however, that the two procedures applied measure the 
circulation time between two different parts of the body which may be 
different even when measured with the same method. 

With the onset of the flush there was a subjective sensation of heat 
over the face and tension in the head which lasted from 1 to 3 minutes. 
There was a period of from 15 to 30 seconds after the onset during 
which the flush increased in intensity. The flush was localized over the 
face and neck, the rest of the body showing a flush in but few instances. 


The total duration of the flush was from 12 seconds to 2 minutes. With 
the onset of flush the cardiac rate increased. The duration of increased 
cardiac rate, as a rule, went parallel with the duration of flush. Its 


height was reached in about 15 to 60 seconds after the onset of the 


flush. 


The maximum rise in the heart rate was from 15 to 20 beats a 


minute. 
after the 
20, mm. I 


Blood pressure, as a rule, showed but little change during and 
flush. A definite fall was not obtained. A slight rise of 10 to 
in the systolic and diastolic pressures, during and immedi- 


Ie 


| 
| 
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ately after the flush, was observed frequently. With the return of the 
eardiae rate to normal the blood pressure likewise became normal 
again. A number of patients complained of throbbing headaches which 
began 10 to 20 seconds after the onset of the flush and lasted usually 
from 3 to 10 minutes. 

The Relation of the Onset of the Increased Heart Rate to the Onset of 
Flush.—The intravenous injection of histamine in the amounts de- 
seribed was always followed by an elevation of cardiac rate. In order 
that the histamine reaction may be used for the measurement of the 
velocity of blood flow, it is essential that the very characteristics of the 
circulation to be measured should not change. Although change in the 
heart rate does not necessarily imply change in the velocity of blood 
flow. it is desirable that the inerease of the eardiae rate should not oe- 
eur before the onset of flush. Numerous observations indicated that 
the onset of increased cardiae rate was coincident with the onset of 
flush and sensation of taste. In order to study this aspect of the prob- 
lem in a more exact way, the cardiae rate of normal subjects and 
patients suffering from circulatory failure was registered continuously 
by Lead II of the electrocardiographic machine. At the moment of 
injection and at the appearance of flush the string of the galvanometer 
was temporarily short circuited. The cardiae rate was registered 30 to 
60 seconds after the onset of flush. The analysis of the records indi- 
cates that in 8 of 14 observations acceleration of the cardiac rate was 
increased with or immediately after the onset of flush. In 6 observa- 
tions there was a slight increase in rate by 2 and 3 seconds before the 
onset of flush. It is of interest that a number of subjects showed tem- 
porary inversion of the T-wave for from 20 to 60 seconds. This inver- 
sion of the T-wave with the acceleration disappeared as the rate 
returned to normal. 

The observation that with the increase of rate there was a depression 
of the T-wave suggests that the increase of rate is the result of the 
effect of histamine on the coronary vessels of the heart and that this 
increase of rate begins simultaneously with the flush, or 2 to 3 seconds 
before it is noted. 

Repeated Tests in the Same Individuals.—Repeated tests were per- 
formed on a number of individuals to ascertain the difference in re- 
peated measurements, and to determine how soon the test could be 
repeated. The flush, changes in heart rate and in blood pressure sug- 
gested that the persistence of the effect of a single intravenous dose of 
histamine is of short duration, and that the test could be repeated 
within a few minutes. Observations substantiated this expectation. 
Table II presents a few of our findings in normal individuals and in 


patients. 


| 
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The average variations were not more than 2 to 3 seconds. The find- 
ings presented in Table Il indicate that the test can be repeated within 


5 and in some cases even within 3 minutes. In patients with cireula- 
tory failure, especially when this is due to myocardial degeneration 
TABLE II 
REPEATED ESTIMATION OF THE REACTION TIME OF HISTAMINE IN THE SAME PERSON 
HIST. PH. DIFFERENCE 
ater PBR KG. REACTION BETWEEN 
DATE NAME AGE CONDITION BETWEEN 
WEIGHT TIMES 
OF TESTS 
1928 (years ) mg. Sec. Min. See. 
44 TT. D. 24 Diabetes 70 0.0010 
78 20( 
44. M. 19 Bronehitis 68 0.0011 16 12 
76 0.0011 16 
4-4 T. G. 18 Normal 72 0.0011 18/ . 
72 0.0011 17( 
4-5 N. F. 48 Normal 78 0.0003 
76 0.0008 23 
SO 0.0012 24 6 I 
76 0.0015 24 3 l 
72 0.0017 23 ° 0 
5-22 A. K. 28 Post. Pneum. 74 0.0007 35 
72 0.0010 29 Is 6 
4-5 P. R. 63 Emphysema 63 0.0008 26 
0.0011 24 
6-16 R. M. 41. Arterial 84 0.0010 28 
hypertension 3 2 
86 0.0010 30 
4-21 H.T. 45 Aortic 96 0.0009 29 
insufficiency 6 1 
104 0.0009 28 
4-7 Ss. S. 75 Arteriosclerosis 96 0.0009 37 
92 0.0007 40 13 
4-13 J. F. 75 Myoeardial 110 0.0005 45 ‘ 
degeneration 
Auricular 104 0.0008 49 
fibrillation 
5-5 P. M. 54 #£Myoeardial 100 0.0011 59 
degeneration 11 17 
100 0.0011 42 
5-10 L. E. 56 Myocardial 72 0.0011 64 
degeneration 9 7 
88 0.0008 57 
and arteriosclerosis, the variations were considerably higher. The 
duration of the flush, as well as the change in heart rate and subjective 
sensation, lasted longer in these patients than in normal individuals. 
We believe that this greater variation in the results is due, at least 


partly, to fluctuations in the velocity of blood flow. In patients with 
circulatory failure it is advisable not to repeat the test within 10 min- 
utes. As the observation on patient N. F. indicates, the amount of 
histamine can vary considerably without change in the circulation 
time. The minimal effective dose is about three times smaller than the 


dose usually applied. 
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Simultaneous Measurement of the Histamine Reaction Time and the 
Circulation Time by the Radioactive Method.—The measurements de- 
scribed indicated that the histamine reaction time in normal individu- 
als corresponds closely to the arm to arm circulation time, as measured 
with the radioactive deposit method. For a more definite establish- 
ment of the significance of the histamine reaction time, simultaneous 
measurements with the two methods were performed both on normal 
individuals and on patients suffering from cardiovascular disease. 
For this purpose the amount of radioactive deposit required for the 
measurement of the circulation time and the histamine were dissolved 


TABLE IIT 


COMPARISON OF CIRCULATION TIMES AS DETERMINED BY THE RADIUM AND HISTAMINE 
METHODS IN NORMAL INDIVIDUALS 


DIFERENCE 


CIRCULATION TIME CIRCULATION TIME HISTAMINE RADIUM 
(RADIUM ) (HISTAMINE) CIRC, TIME CIRC. TIME 
4m MA << < < & 
sec. see. sec. see. see. “see, 
528 7. © 4.5 20.0 24.5 22 23 — 2.5 —-1.5 
537 5.5 11.0 16.5 20 22 + 3.5 5.0 
535 J. K 4.0 7.0 11.0 15 14 + 4.0 >.0 
529 W. G. 6.0 10.0 16.0 21 20 + 5.0 + 4.0 
531 G. MeG. 6.0 11.0 17.0 23 21 + 6.0 + 4.0 
524 W. C. 6.0 11.0 17.0 22 —_ +5.0 —— 
536 11.6 245 3 31 + 6.5 + 6.5 
530 T. Me. 4.0 93 i385 20 21 + 6.5 + 7.5 
533 3.5 70 19 17 + 8.0 + 6.0 
534 W. S. 3.5 90 125 21 21 + 8.5 + 8.5 
Average 54 114 16.4 214 21.1 + 5.0 + 4.7 


in the same solution. The concentration of the histamine was less in 
these tests than usually used. Both the venous blood flow to the right 
side of the heart and the pulmonary cireulation time were measured 
with the radioactive deposit method. Table III represents the com- 
parative findings on ten normal subjects. Table IV is the summary of 
the results obtained on eight patients with cardiovascular disease. In 
addition to the reaction time of histamine on the facial vessels, both 
tables inelude the reaction time on the small vessels of the tongue, as 
determined by the sensation of metallic taste. The two reaction times 
of histamine, as a rule, do not differ more than 1 or 2 seconds in normal 
individuals. The flush may become visible slightly before or after the 
sensation of taste. As indicated by Tables IIT and IV, the histamine 
reaction time is always longer than the arm to arm circulation time. 
The average arm to arm circulation time in the ten normal individuals 
was 16.4 seconds, and the average histamine reaction time was 21.4 
seconds. The average histamine reaction time, just as observed before, 
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is 5 seconds slower than the average arm to arm circulation time. The 
average arm to arm circulation time of the seven patients with cardio- 
vascular disease was 31.9 seconds; the average histamine reaction time 
was 40.9 seconds. The histamine reaction time, therefore, was 9 see- 
onds longer than the arm to arm circulation time. This relatively 
vreater difference between the two methods in patients with circula- 
tory failure is not unexpected for the histamine reaction time includes 
the circulation time of the small vessels, in which the velocity of blood 
flow is proportionately slow. The difference between the histamine 
and arm to arm ecireulation times of normal individuals and that of 
patients with circulatory failure is about the same when the difference 
is expressed in percentage of the reaction time. The observations sug- 
vest that the reaction time of histamine corresponds to the circulation 
time as closely as under the conditions of observation one may expect. 
The findings also indicate that the small vessels of the face react very 
promptly to the action of histamine after it reaches the capillaries. 
The reaction time of histamine bears such constant relationship to the 
arm to arm cireulation time that the former can be used for the estima- 
tion of the velocity of blood flow in man. 

After it became established that normal subjects and cardiac patients 
exhibit a reaction time with histamine which corresponds closely to the 
circulation time of the same region of the body, we undertook the esti- 
mation of the reaction time of patients suffering from various patho- 
logical conditions. 

The Reaction Time of Histamine in Patients with Cardiovascular Dis- 
ease.—The patients observed were divided into two groups, according 
to whether or not they were suffering from symptoms and signs of de- 
compensation at rest at the time of performance of the test. Table V 
presents some of the findings on patients suffering from cardiovascular 
disease other than arterial hypertension, without symptoms and signs 
of congestive failure. Table VI presents the findings on patients with 
symptoms and signs of congestive failure. In 13 patients suffering 
from cardiovascular disease without symptoms and signs of circulatory 
failure, the histamine reaction time varied from 17 to 35 seconds; the 
average reaction time was 25 seconds. This corresponds to the average 
circulation time of 24 seconds found with the radioactive test in ecar- 
diae patients who showed no symptoms or signs of decompensation at 
the time when the observations were made.’*?° The average vital 
capacity of 9 patients was 3183 ¢.e. or 1928 ¢.c. per meter of body sur- 
face. With the exception of patient H. R., the reaction time of all the 
patients was within normal limits, although the average reaction time 
was slightly greater than that of the normal individuals studied. This 
finding is again in harmony with the observations made with the radio- 
active deposit method, that eardiae patients without symptoms and 
signs of circulatory failure may have a normal circulation time, and the 
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vital capacity of these patients may be slightly reduced.'’ Three of 
the four patients who showed fibrillation of the auricles showed reae- 
tion times within normal limits. This finding indicates, as observed 
before, that the velocity of blood flow may be normal with total irregu- 
larity of the heart beat if the function of the myocardium is good. 
Patient C. D. was an intelligent window washer who served in the 
Spanish-American War in 1898 and was then diagnosed as suffering from 
completely irregular pulse. After having a cardiac irregularity for over 
30 years he walks with ease up 14 flights of stairs without stopping. 
He was admitted to the hospital on account of a minor surgical condi- 
tion. The general reaction of these patients to histamine was the same 
as that of normal subjects. Only one of the patients complained of 
severe headache which lasted 10 minutes. 

The reaction time of histamine in patients with symptoms and signs 
of congestive failure at time of test varied from 21 to 82 seconds. The 
average reaction time was 47 seconds. The average arm to arm cireu- 
lation time of similar patients observed with the radioactive deposit 
method was 38 seconds. The average difference between the histamine 
reaction time of normal subjects and that of patients with circulatory 
failure was appreximately 100 per cent. The same difference was 
found with the radioactive deposit method. The average vital capacity 
of patients was 1807 ¢.c., or 1007 ¢.c. when reduced to the value for a 
square meter of body surface. This average vital capacity was lower 
than that of patients with signs of circulatory failure in whom the 
circulation time was measured with the radioactive deposit method. 

The lower vital capacity is due partly to the fact that a relatively 
larger number of patients observed by the histamine method suffered 
from severe congestive failure than those observed before with the 
radioactive deposit method. This is also indicated by the fact that 
eleven out of the twenty-six patients died, in spite of treatment, within 
three months after the performance of the test. The average reaction 
time of the 11 patients who died in the hospital as a result of cireula- 
tory failure was 50 seconds. This average reaction time of the patients 
who died from cireulatory failure was not appreciably longer than that 
of patients who improved, or whose condition remained unaltered. 
We, therefore, did not observe a critical reaction time with prognostic 
significance. As indicated in Table VI, the prolongation of the reaction 
time was not necessarily proportional to the severity of the clinical 
condition, though a markedly prolonged cireulation time was always 
associated with severe cireulatory failure. It is of special interest in 
connection with this statement that patient M. L., on whom repeated 
tests were performed 8 hours before his death, had a reaction time of 
only 28 and 29 seconds. This patient was suffering from syphilitic 
heart disease and paroxysmal dyspnea (cardiac asthma) of one month’s 
duration. He was admitted to the hospital 24 hours before his death 
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with symptoms and signs of acute pulmonary edema. Prompt vene- 
section and strophanthin intravenously improved the patient’s condi- 
tion, and he felt comfortable. The next day he suffered from a similar 
attack, from which, despite treatment, he did not recover.  Post- 
mortem examination revealed syphilitic aortitis with aortic insuffi- 
ciency, vegetative endocarditis, right hydrothorax, pulmonary edema 
and ascites. The clinical behavior and autopsy findings in this patient 
indicated that the death was due to sudden failure of the left side of 
the heart. It is suspected clinically that a slight disproportion between 
the function of the two sides of the heart may be of grave consequence. 
It is obvious that in such a type of failure, the velocity of blood flow is 
not necessarily prolonged, and in the explanation of the death other 
factors than change in velocity must play more important roles. In 
patients with myocardial degeneration the prolongation of circulation 
time is more apt to be proportionate to the severity of clinical condition 
than in patients with valvular disease. This is illustrated by patient 
C. H. 8., who, as his condition grew worse, exhibited a continually 
increasing reaction time (35, 42, 59, 67, 70 seconds). 

It was noted during these observations that several patients with 
signs of congestive failure exhibited more marked unpleasant reactions 
to the injections of histamine than normal subjects or patients without 
symptoms and signs of congestive failure. In patients with circula- 
tory failure following the injection of histamine the flush was often 
more intense and of longer duration than in normal subjects. This 
prolonged and marked flush was especially intense in patients who, in 
addition to the myocardial degeneration, exhibited clinical evidence of 
emphysema of the senile type. In patient T. W., for example, who had 
shown definite evidence of emphysema including an inspiratory restric- 
tion of the lower ribs (Hoover’s sign), there was a flush of the face 
which lasted for 6 minutes following the intravenous injection of 0.001 
mg. of histamine per kg. We have never observed in normal subjects 
a flush of such long duration following a single similar intravenous 
dose. It is of great interest that 10 of the patients of this group, in 
contrast to normal subjects and to the other group of patients with 
cardiovascular disease, without evidence of decompensation, developed 
dyspnea of 2 to 3 minutes’ duration. The type of dyspnea varied. In 
some of the patients it was predominantly expiratory and wheezing. 
Three patients, prior to the administration of histamine, showed a low 
diaphragm which moved but slightly under the fluoroscope, and an 
inspiratory restriction of the lower ribs (Hoover’s sign). After his- 
tamine they developed a temporarily accentuated Hoover’s sign. We 
are unable to state with certainty whether the restriction of the dia- 
phragm was the result of associated emphysema or whether it was 
caused by the dyspnea as a result of the circulatory failure, for we 


believe that an inspiratory restriction of the lower ribs ean be caused 
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by other types of dyspnea than that due to emphysema. Several of the 
patients who developed dyspnea of short duration after histamine have 
shown no evidence of emphysema, but they have suffered previously 
from paroxysmal nocturnal dyspnea (cardiac asthma). One of the 
patients who showed the most marked reaction following the adminis- 
tration of histamine was a young man (R. R.) 30 years old, who was 
suffering from rheumatic heart disease with signs of aortic insufficiency 
and mitral stenosis. He was given an intravenous injection of 0.0008 
mg. of histamine phosphate per kg. About 14 to 20 seconds after injee- 
tion there was a gradually increasing dyspnea, and the patient had to 
sit up. There was both inspiratory and expiratory difficulty. The 
dyspnea lasted for 5 minutes. When 0.2 ¢.c. of epinephrin of 1:3000 
was given by vein, the patient received instant relief. The vital capac- 
ity changed from 3500 e.c. to 1500 ¢.c. even shortly after the dyspnea 
was relieved. The lowered vital capacity gradually became normal 
after the administration of adrenalin. It is of interest that this patient 
was readmitted two months later because of severe attacks of nocturnal 
dyspnea. This patient showed an increased sensitivity to histamine. 
Histamine in this and in other eardiae patients produced dyspnea simi- 
lar to that observed in patients with acute bronchitis, asthma and pul- 
monary emphysema. That dyspnea in these patients with cardiovascu- 
lar disease was not due to peripheral dilatation of the vessels is shown 
by the fact that the change in blood pressure was not more marked 
than in other patients without dyspnea. But the most weighty evi- 
dence against the dyspnea being of peripheral origin is the observation 
that in a number of patients the dyspnea started at about the half 
period of the histamine reaction time. In these patients it is probable 
that the dyspnea was due to sensitivity of the pulmonary structures to 
histamine. The fact that adrenalin relieved the dyspnea favors the 
conception that the dyspnea in these cases was due to the sensitivity 
of the smooth museles of the bronchioles to histamine. Whether in 
other patients in whom the dyspnea started after the elapse of the 
reaction time, peripheral dilatation of the coronary or other vessels 
played a role cannot be stated with any certainty. The test should not 
be applied in patients with evidence of coronary disease. In order to 
avoid unpleasant reactions in patients with myocardial degeneration 
and dyspnea small doses of 0.005 mg. were given first and only when 
no reaction to such a dose was noted was the amount increased. 


The Histamine Reaction Time in Patients With Arterial Hyperten- 
sion.—This group of patients, with the exception of patients T. M. and 
S. Z., were ambulatory and were living a normal life. With the execep- 
tion of these two patients all had subjective complaints only. All the 
ambulatory patients showed reaction times which were within the lim- 
its of normal. The two patients who exhibited a prolonged reaction 
time were hospitalized, and in addition to the hypertension they exhib- 
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The find- 


ings presented in Table VII are again in harmony with the observations 


ited symptoms and signs of marked cardiovascular changes. 


made before,’® that the velocity of blood flow is within the limits of 
normal or slightly prolonged in patients with arterial hypertension but 
without cireulatory failure. The average blood pressure was 187/118 


mm. The average circulation time was 26 seconds. The average cireu- 
lation time of the nine patients who were ambulatory and able to 
attend work was 23 seconds, which is the average circulation time 
observed in norma! subjects. 

The Histamine Reaction Time in Patients With Pulmonary Emphy- 
sema.—The six patients studied in this group suffered from such severe 
weakness and dyspnea that they were confined to bed. Chronic bron- 
chitis and attacks of bronchial asthma were etiological factors in the 
produetion of the emphysema. The severity of the respiratory disturb- ' 
ance was so marked that four of the patients have shown marked eya- 


THE HISTAMINE REACTION TIME 


TABLE VII 


oF PATIENTS WITII 


ARTERIAL BLOOD 


ARTERIAL HYPERTENSION 


Years per min. mm. Hg. mm.He. mg.perKe. seconds 
S. M. 40 76 174 110 0.0006 17 
V.H 45 100 210 130 0.0005 19 
F. L 50 88 188 114 0.0009 20) 
F. G 35 96 170 104 0.0006 20 
F.G 35 96 164 104 0.0004 26 
B. L 59 S4 190 30 0.0010 21 
é. © 56 104 210 138 0.0012 21 
J. G. 56 108 210 140 0.0010 22 
J. G. 56 108 190 132 0.0012 22 
J. G. 56 104 16S 126 0.0012 2 
J. G 56 92 150 108 0.0012 24 
65 SO 104 108 0.0011 
H. D. 65 S4 sv 100 0.0006 26 
M. F. 64 06 190 QS 0.0011 26 
M. F. 64 06 206 100 0.0008 3 
41 S4 215 95 0.0010 
11 SO 135 0.0010 20) 
J. Mi. 60 S80 0.0011 36 
71 104 180 120 0.0006 10 


nosis over the face and mucous membranes. All patients exhibited, in 
addition to the signs described in Table VIII, a low diaphragm with 
slight excursion, hyperresonant percussion notes, obliteration of the 
eardiae dullness, and numerous rhonehi and rales. As indicated in 
Table VIII, the reaction times were well within the limits of normal, 
with the exception of patient Th. W. The average reaction time was 
26.4, slightly above the average of normal reaction times. If we ex- 


clude the last patient, who showed marked prolongation in the blood 


In these patients with 


flow, the average reaction time is 24 seconds. 
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pulmonary emphysema, therefore, although the vital capacities per 
square meter of body surface were approximately the same as those of 
patients with extreme severe circulatory failure, the velocity of blood 
flow was within normal limits. The physical disability in these patients 
was due, therefore, primarily to the failure of the respiratory function 
of the lungs. In emphysema with complete disability, the velocity of 
blood flow through the lungs, as observed before, may be normal. In 
some instances decrease in the velocity of blood flow may occur if there 
is also cardiae failure. The significance of the normal velocity of 
blood flow in patients with pulmonary emphysema was pointed out in 
a previous communication.” 

All patients with emphysema, bronchitis and bronchial: asthma 
showed temporarily increased dyspnea with the appearance of symp- 
toms and signs of bronchial asthma after the administration of histam- 
ine. The dyspnea was transient. It was also noted that patients with 
emphysema exhibited an unusually prolonged facial flush. 

The Histamine Reaction Time in Patients With Clinical Evidence of 
Hyperthyroidism.—The rapid heart rate, the warm skin, the results of 
direct capillary observation, the high basal metabolism, all suggest that 
the velocity of blood flow is rapid in patients with increased thyroid 
secretion. Liljestrand and Stenstrém' found an inereased minute vol- 
ume output of the heart in patients suffering from hyperthyroidism. 
Table LX presents a correlation between the pulse rate and the rate of 


TABLE IX 


Tue HISTAMINE REACTION TIME IN PATIENTS Witit: HYPERTHYROIDISM 


NAME AGE HEART RATE PER MIN, REACTION TIME 
Years Seconds 
M. C. 25 104 9 
i. B. 32 124 9 
J. H. 36 120 1] 
J. H. 36 134 12 
W. F 38 94 No reaction 
W. F 38 — 15 
W. F 38 — 16 
W. F 38 79 15 
Jd. H. 36 32 19 
36 128 22 
54 108 24 
54 108 27 


the metabolism and histamine reaction time. As expected, the velocity 
of blood flow was increased in all the patients except in patient D. H. 
The average reaction time was 16.3 seconds, which is 29 per cent lower 
than the average circulation time of 23 seconds in normal subjects. 
The increased velocity of 29 per cent corresponds closely to the aver- 
age rise of 35 per cent in the basal metabolism. A correlation between 
the increase in cardiae rate, basal metabolism, and reaction time was 


not present in a given patient. 


_ 
— 
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The duration of flush was short. Otherwise, the reaction of the 
patients to histamine was the same as that of normal subjects. 

The Histamine Reaction Time in Patients With Pernicious Anemia.— 
It was expected that the determination of the histamine reaction time 
by the appearance of the flush might be difficult in patients with 
marked anemia. It was found that several patients with a severe 
degree of primary anemia showed no definite flush from histamine. 
Several of these patients could indicate the reaction time from the 
sudden appearance of metallic taste in the tongue. We could not es- 
tablish a definite level of hemoglobin or red cell count below which the 
flush cannot be determined, and it is possible that the reaction of the 
capillaries and other small vessels may be altered in pernicious anemia. 
This possibility is suggested by the fact that at times the appearance 
of slight facial flush may be the earliest indication of the approaching 
remission, and it may appear without any increase, or even with a de- 
erease, in the hemoglobin or red cell content of the blood. 

Seven patients, in whom we succeeded in determining the histamine 
reaction time, both by flush and by the appearance of taste in the 
tongue, are presented in Table X. The average hemoglobin content of 


TABLE X 


THE REACTION TIME IN PATIENTS WITH PERNICIOUS ANEMIA 


HEART RATE RED BLOOD CELLS 


— PER MIN. IN MILLIONS 
Years Seconds 
S. L. 58 104 2.40 9 
53 84 — 10 
EK. N. 64 68 3.20 10 
M. A. 55 92 1.34 11 
H. O'N. 70 84 3.46 15 
K. M. 60 96 1.19 16 
P. C. 63 So 1.79 10 


the blood was 38 per cent, that of the red cell content 2.23 millions, 
and the average reaction time 11.5 seconds. The average velocity of 
blood flow was twice as rapid as in normal individuals. The inerease 
in velocity of blood flow is proportional to the decrease of red cell 
count and hemoglobin. 

The Histamine Reaction Time of the Human Brain Vessels —The cir- 
culation time of different parts of the body may be different. In ani- 
mals the circulation time of different organs was measured by G. N. 
Stewart.’® In man it was shown by us that the circulation time of the 
small vessels of the upper arm and elbow is approximately the same as 
that of the face and tongue. During a study of the effect of histamine 


on the small vessels of the human body," it was observed that following 
the sudden intravenous injection of small amounts of histamine the 


intraspinal pressure showed a sudden rise which lasted between 1 and 
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3 minutes. In two patients suffering from brain tumor it was also ob- 
served during operative exposure of the brain that 0.001 mg. per kg. 
of histamine caused a flushing of the surface of the brain. With the 
onset of this flush the volume of the brain showed slight increase and 
a marked increase in the pulsation. All of these changes lasted about 
90 seconds. From these and other observations previously reported, it 
was considered that the small vessels of the brain were very sensitive 
to histamine. The period which elapsed between the injection and 
onset of a rise of pressure indicated at once that this must correspond 
to the circulation time from the arm to the brain. In a group of 
patients suffering from various neurological conditions, in whom the 
performance of spinal fluid pressure determination was necessary from 
a diagnostic or therapeutic point of view, a small dose of histamine 
(0.001 mg. per kg. or less) was injected. A small glass manometer was 
connected with the spinal needle, and the movement of onset of the 
rise in spinal pressure was determined. (It is essential that fluid 
should not be lost previously to the injection of histamine.) The time 
of onset of the rise was then compared with the time of the onset of 
flush which was noted by another observer. Table XI shows the find- 
ings in subjects in whom the histamine reaction time from the right 
elbow to the face and to the brain respectively was measured simulta- 


TABLE XI 


COMPARISON OF THE HISTAMINE REACTION TIME FROM ARM TO FACE AND ARM 
TO BRAIN 


ARM ARM 

HEART BLOOD PRESSURE YO FACE TO BRAIN 

NAME AGE DIAGNOSIS RATE SYSTOLIC DIASTOLIC REACTION REACTION 
PER MIN. TIME TIME 

Years mm. Hg. mm.Hg. Seconds Seconds 
19 Epilepsy 110 114 S4 1S 12 
M. Cr. 22 Syphilis 112 110 S4 15 15 
R. S. 57 Cervieal rib S4 100 64 17 16 
). 8. 53 Aleoholic neuritis 80 140 90 16 17 
S4 By SS 19 18 
C. K. 18 Multiple sclerosis 90 120 65 19 17 
O. B. 24 Epilepsy 68 108 78 18 19 
N. J. 52 Epilepsy 100 120 90 , 20 20 
90 116 78 18 19 
C. L. 53 Syphilis 76 136 76 21 21 
R. B. 30 Chronic 80 126 80 26 26 


enceptalitis 


neously. In the patients presented in Table XI, as well as in many 


others, it was striking to observe how closely the reaction time of the 
face and vessels of the brain corresponded. The maximum difference was 
not more than two seconds. The average reaction time of the brain 
and that of the face of the same individual under identical conditions 
was 18 seconds. From the foregoing it is evident that the cireulation 
times of the brain and of the face are identical. The average reaction 
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time in these patients was shorter than that of those included in Table 
I. The difference is probably due to the fact that the patients were 
excited as a result of the performance of spinal puncture. 
An Attempt to Estimate the Velocity of the Arterial and Venous 
3lood Flow Separately.—An attempt was made to estimate the arterial 
and the venous portions of the circulation between the elbow and face 
by determining the histamine reaction time of normal subjects and 
allowing the same individuals to inhale deeply and rapidly a single 
breathful of amyl nitrite vapor through a small rubber cone. The time 
between the end of the inhalation and the appearance of flush should 
correspond to the time necessary for a particle of blood to travel from 
the pulmonary capillary through the pulmonary artery and through 
the arteries after leaving the heart. The distance of these arterial 
vessels corresponds to the distance travelled from the elbow to the cap- 
illaries through the venous vessels. It was found, however, that a 
number of subjects do not respond with as marked and easily recogniz- 
able a flush to amyl nitrite as they do to histamine. In the few sub- 
jects in whom definite reactions were obtained, the time was about half 
of that obtained with histamine, and about the same as reported by 
Bornstein’? following the inhalation of carbon dioxide. Assuming that 
the diffusion of amyl nitrite is instantaneous through the pulmonary 
capillaries, it would follow that the cireulation time of the arterial (pul- 
monary vein and peripheral arteries) and venous portions (peripheral 
vein and pulmonary artery) is about the same. In analogy with the 
knowledge of the relative diameters of the aorta and vena eava and the 
respective velocity of blood flow in them it would follow that in the pul- 
monary vein the blood flow velocity must be twice as slow as in the pul- 
monary artery. As the reaction to amyl nitrite was not definite in a 
larger number of subjects, the problem was not considered as settled. 


DISCUSSION 


In outlining the problem of this investigation it was stated that in 
order to be applicable to man, the histamine method should fulfill a 
number of requirements. In light of our experience histamine fulfills 
these prerequisites in the following way: 

1. During observations on over 200 patients, no serious effects were 
observed. In a number of patients who suffered from cireulatory 
failure with emphysema, bronchial asthma and bronchitis, attacks of 
dyspnea were precipitated. It was observed that the respiratory 
mechanisms of these patients were hypersensitive to the effect of his- 
tamine, and, therefore, in later observations the first dose injected was 
half of the usual dose. Only if unpleasant side effects were not ob- 
served after the small dose, was the second, larger, dose administered. 
Several of the patients studied complained of pulsating headache and 
a sensation of weakness of a few minutes’ duration. 
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2. Histamine does not influence appreciably the velocity of blood 
flow during the first circuit of the blood, following the injection. This 
is supported by the finding that the acceleration of the pulse starts just 
before or after the appearance of the flush. That histamine does not 
increase the velocity of blood flow before the appearance of flush is 
supported by the finding that the histamine reaction time is slightly 
longer than the circulation time. 

3. Repeated tests on the same person, as well as disappearance of 
the histamine effect, indicate that its effect in the body lasts but a 
short time, and therefore the test can be repeated at short intervals. 

4. The close correspondence between the circulation time and the 
histamine reaction time also indicates that the minute vessels dilate 
promptly after the arrival of the histamine. 

5. The appearance of the flush is definite enough to make it pos- 
sible to estimate the circulation time of normal subjects, and patients 
with varied pathological conditions. 

Comparing our experiences with the histamine, the radioactive, aud 
the dye methods for the estimation of the velocity of blood flow in 
man, we feel that the histamine method offers certain advantages, espe- 
cially in so far as its use in the clinie is concerned, over the other 
methods. The advantages of the histamine method over the radio- 
active deposit method are as follows: 

1. Its use is simple, requiring no complicated apparatus and technie. 
With slight skill it can be performed by anybody with the aid of a 
stop watch. 

2. The expense of the test is minimal, and histamine is easily available. 

3. The test can be repeated every five to ten minutes, while the radio- 
active method, on account of the persistence of activity, can be re- 
peated only at three-hour intervals. 

4. The test can be performed at the bedside, while in the radioactive 
method the patient has to be moved to the instrument. 

The disadvantages of the method as compared with the radioactive 
method are as follows: 

1. The radioactive method is objective and more exact. It makes 
possible the measurement of the velocity of blood flow of several areas 
of the body simultaneously, including important circulatory areas 
(pulmonary circuit), the circulation time of which cannot be measured 
with histamine. 

2. Short unpleasant reactions observed occasionally after the ad- 
ministration of histamine are not present after the intravenous admin- 
istration of radioactive deposit. 


3. In colored and anemic people the histamine test cannot be applied. 
In comparing the histamine method with the dye methods, we feel 
that the histamine method is more exact, the technic simpler and less 
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disturbing to the patient. Furthermore, it can be performed by one 
person. 

The use of the intravenous administration of histamine for the esti- 
mation of the velocity of blood flow serves a useful clinical purpose 
if it is applied with care and the results are interpreted with proper 
critique. The variation of the results is not greater than may be ex- 
pected from the best biological methods which are influenced by simi- 
lar variables. Much significance should not be attached to slight 
variations in the circulation time of the same or of different patients. 
Marked variations in the circulation time are of special practical sig- 
nificance in the differentiation of myocardial insufficiency from em- 
physema, on the one hand, and circulatory insufficiency from nephritis 
with edema, on the other. In such patients the estimation of the 


PERNICIOUS ANEMIA 


HYPERTHYROIDISM 


MORMAL 


HYPERTENSION 


EMPHYSEMA SS. 


CARDIOVASCULAR DISEASE 
COMPENSATED AT REST 


CARDIOVASCULAR DISEASE 
DECOMPENSATED AT REST 


Fig. 1.—The histamine reaction time in health and in disease. 


velocity of blood flow with histamine is a useful aid in the clinical 
evaluation of the condition. 

In addition to the vessels of the face, it has been shown that the 
vessels of the human brain are sensitive to the action of histamine. As 
a result of the intravenous injection of histamine, flushing of the sur- 
face of the brain due to dilatation of the minute vessels oceurs. Co- 
incident with this flush there is a swelling and increased pulsation of 
the brain, and the cerebrospinal fluid pressure shows a steep rise. The 
rise reaches its maximum within 15 to 40 seconds, and similarly to 
the facial flush, reaches the normal level within three minutes. A very 
close relationship has been found between the time of onset of the flush 
and the rise in intracranial pressure. The procedure, therefore, makes 
it possible for the first time to estimate the velocity of blood flow from 
an arbitrarily chosen point to the small vessels of the brain. 

An attempt was made to separate the circulation time of the venous 
and arterial blood from elbow to face. The amyl nitrite inhalation, as 
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well as the observation of Bornstein with CO, inhalation, indicates 
that the time from the capillaries of the lung to the face is about the 
same, or slightly less than that from the elbow to the pulmonary capil- 
laries. As anatomical and physiological considerations indicate that 
the velocity in the large peripheral veins is about half that of the 
large peripheral arteries, it follows that the velocity of the blood flow 
in the pulmonary artery is also about twice that of the vein. It was 
observed previously that average circulation time of the peripheral 
venous flow is 6.7 seconds; the pulmonary circulation time 6.5 seconds; 
the actual loss of time in the heart is 1 to 2 seconds; the arm to arm 
arterial circulation time is 18 seconds; the arm to capillary circulation 
time is 23 seconds. It follows from these data, that the capillary cireu- 
lation time is 5 seconds, the circulation time of the pulmonary artery 
2.1 seconds, and that of the pulmonary vein 4.2 seconds. 

The average prolongation of the velocity of blood flow in patients with 
symptoms and signs of circulatory failure was about 100 per cent above 
the average normal velocity. A number of patients with severe myocar- 
dial failure have shown a prolongation of over 200 per cent above the 
average normal circulation time. While in patients with myocardial 
failure without valvular damage the more prolonged circulation time 
was associated with severe circulatory failure, no definite prognostic 
value can be attached to the circulation time. The average circulation 
time of 11 patients who died as a result of severe circulatory failure 
was not markedly different from that of the other group of 15 patients 
who either recovered or were unimproved three months after the test. 
Oceasionally severe derangement of the circulation may be present 
with normal or only slightly prolonged circulation time. Such a con- 
dition may exist when slight disproportion between the function of the 
two sides of the heart is present, a condition which occurs probably 
more frequently than is now recognized. In luetie aortic insufficiency 
the myocardium of the left ventricle may fail functionally as a result 
of fatigue, while the intact musculature of the right chambers con- 
tinues to throw blood into the lung. That such a condition may soon 
lead to serious consequences is evident. 

The fact that cireulation time may be of value in differentiating 
ventilatory and circulatory insufficiency, is of great significance, for 
the two conditions have many common characteristics, and they offer 
great differential diagnostic difficulty. This difficulty becomes even 
greater because pulmonary emphysema and cireulatory failure may 
often be present in the same individual. In such patients the simul- 


taneous measurements of several characteristics of the cireulation, such 
as of the vital capacity, circulation time and venous pressure, will be 
a useful aid in the estimation of the two conditions. 

Patients with hyperthyroidism and severe primary anemia have 
shown considerable increase in the velocity of blood flow. The increase 
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was especially marked in patients with pernicious anemia. In patients 
with hyperthyroidism no definite relationship was observed by this 
method in the individual eases between the velocity of blood flow and 
the rise in basal metabolism. 

We attach significance to the observation that small amounts of 
histamine may precipitate an attack of dyspnea of short duration in 
patients with bronchitis, bronchial asthma, and emphysema, as well as 
in certain patients with severe myocardial failure who suffer from 
typical attacks of cardiac asthma. The observation of the identical 
reaction in patients suffiering from two diseases suggests that the 
mechanism of paroxysmal! cardiac dyspnea, at least in one group of 
eardiae patients, may be similar to the dyspnea of bronchial asthma 
in which it is recognized that the bronchial musculature is sensitive to 
histamine. The suspicion that in a group of people with myocardial 
damage the changed state of the bronchial muscles, or the disturbed 
mechanism of the histamine plays a role in the precipitation of at- 
tacks of dyspnea may be understood in the light of recent knowledge 
on the fate and role of histamine in the body.” 


SUMMARY AND CONCLUSIONS 


1. The intravenous administration of histamine phosphate in amounts 
of 0.001 mg. or less per kg. of body weight in solution of 1:5000, or 
1:10,000, causes a dilatation of the minute vessels of the face and of 
the brain with regularity. 

2. The reaction time of histamine between the site of intravenous 
injection and the vessels of the face and brain ean be estimated with 
an average variation of two seconds. 

3. Estimation of the histamine reaction time in normal subjects and 
in patients with various pathological conditions simultaneously with 
determination of the cireulation time by the radioactive method indi- 
eates that the histamine reaction time is a measure of the velocity of 
blood flow. 

4. The observations reported in this study confirm the conclusions 
previously expressed on the significance of the circulation time in 
health and disease, as measured by the radioactive method. 

5. In 65 normal subjects the histamine reaction time varied between 
13 and 30 seconds, the average reaction time being 23 seconds between 
the antecubital vein and the small vessels of the face. 

6. In 11 normal subjects the histamine reaction time between the 
cubital vein and the small vessels of the brain varied between 12 
seconds and 26 seconds, the average reaction time being 18 seconds. 

7. (a) It was again observed that in compensated eardiae patients 
the velocity of the blood flow may be within limits of normal, while 
in patients with symptoms and signs of cireulatory failure a prolonga- 
tion of over 200 per cent may be present. 
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(b) In patients with circulatory failure the circulation time varied 
between 21 and 82 seconds, with an average of 47 seconds. 

(ec) The average histamine reaction time of 11 patients who as a 
result of circulatory failure died within 3 months following the test 
was 50 seconds, as contrasted with 45 seconds, the average reaction 
time of patients with severe circulatory decompensation who either 
improved or showed no change within three months after the test. 

(d) In failure of the left ventricle associated with pulmonary edema, 
such as occurs in diseases of the aorta, signs of severe circulatory fail- 
ure may be present with normal or only slightly prolonged circulation 
time. 

(e) In a group of patients with cardiovascular disease but with no 
symptoms and signs of circulatory failure at rest and moderate exer- 
cise, the velocity of blood flow was normal, but the vital capacity was 
slightly reduced. This fall in the vital capacity before the slowing of 
the velocity of blood flow, confirms the conception expressed before, 
that in progressive circulatory failure the pulmonary vascular bed 
may show change before there is a detectable change in the velocity 
of blood flow, and that the slowing of the velocity of blood flow pre- 
cedes the rise in the venous pressure. During progressive improvement 
of the circulation the change in these characteristics of the circulation 
is reversed. 

8. A markedly prolonged circulation time was always associated with 
severe circulatory failure, but the reverse was not always true. 
Changes in the velocity of blood flow do not necessarily have prog- 
nostie significance. 

9. It was shown again that the velocity of blood flow in patients 
with essential arterial hypertension, but without circulatory failure, 
and in emphysema, is normal. 

10. In anemia and hyperthyroidism the velocity of blood flow is 
considerably increased. The average velocity in a group of patients 
with hyperthyroidism was proportionate with the average increase in 
basal metabolism, but a similar relationship in individual cases was not 
always observed. 

11. Among the pathological conditions studied, the velocity of the 
blood flow was most increased in pernicious anemia (double of the 
normal rate), and the decrease was greatest in severe circulatory fail- 
ure (half of the nermal rate). The difference between the velocity 
of blood flow in a given ease of pernicious anemia and a severe circula- 
tory failure was ninefold. 

12. Patients with bronchitis, bronchial asthma, pulmonary emphys- 
ema and severe myocardial failure may show temporary dyspnea as- 


sociated with signs of bronchial spasm following the intravenous ad- 
ministration of histamine. In these eases the test should be applied 
cautiously ; half of the dose (0.0005 mg. per kg.) should be given intra- 


| 


WEISS, ROBB, BLUMGART: VELOCITY OF BLOOD FLOW 691 


venously slowly (5 seconds) as a test dose before the usually applied 


dose is given. 


] 


3. The measurement of the velocity of blood flow is an important 


diagnostic aid in differentiating certain diseases associated with 
dyspnea and edema (circulatory failure and respiratory failure ; neph- 


ritis and cireulatory failure). 


Cl de 


16. 


19. 
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DISTORTION OF THE BRONCHI BY LEFT AURICULAR 
ENLARGEMENT* 
J. Murray STEELE, Jr., M.D., AND RALSTON PATERSON, M.D. 


Cuicaao, 


HE effects of the enlargement of the left auricle on the structures 

of the mediastinum, which follow upon long-standing mitral dis- 
ease have been known for a long time, and have been repeatedly 
demonstrated ; but the value of detailed x-ray and fluoroscopic study 
in all cases suggestive of mitral disease does not seem sufficiently well 
realized. There are three separate items worthy of investigation: the 
study of the outline of the enlarged chamber itself, the study of 
esophageal displacement, and the study of bronchial displacement. 

The anatomical localization of the left auricle and its proper rela- 
tionship to other structures within the chest is the most important 
factor in the explanation of the phenomena following its enlargement. 
Jaffe' and Groedel? have investigated the position of the auricle by 
x-rays and anatomical dissection, and Stoerk* has reviewed the anat- 
omy in the cadaver, bringing forward new points and emphasizing the 
important features of the relation of the bronchi and esophagus to 
the left auricle. 

First of all the left auricle is the uppermost chamber of the heart 
and lies almost directly posterior. Just above it is the bifurcation of 
the trachea; indeed, the left main bronchus normally rests upon it for 
a short distance. The esophagus passes behind the left auricle and is 
contiguous with the pericardium overlying it for a distance of several 
centimeters of its course. 

Since the auricle lies posteriorly instead of on the left side of the 
heart as its appellation designates, it may enlarge as well to the right 
as to the left, and its proximity to the main bronchi and the esophagus 
should easily lead to disarrangement of these structures in the course 
of enlargement. 

Enlargement of the auricle to the right was first brought to notice 
by a report of Owen and Fenton‘ in 1901. In this case there was such 
massive dullness to the right of the midline that pleural effusion was 
diagnosed, but thoracentesis in the right axillary line yielded bright 
red blood, following which cardiac murmurs over the dullness were 
noted. At post-mortem examination it was proved that the dullness 
was due to a huge left auricle presenting on the right side. 

Other cases of such enormous dilatation of the left auricle have been 
reported by Emmanuel’? who describes several older eases from the 


*From the Department of Medicine and Division of Roentgenology, University of 
Chicago, Chicago, Illinois. 
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London hospitals, Shaw,® Schott,’ East,* Lutembacher® and others. 
Quite recently Bedford” has reviewed the subject and added two more 
eases, and Bramwell and Duguid" have established a mach more sound 
pathological explanation of the cause than former observers, namely, 
fibrosis of the auricular wall. 

These enormous dilatations are rare and, henee, not of common in- 
terest. A more moderate degree of dilatation, however, commonly 
oceurs and quite frequently is apparent as a part of the right border 
of the heart in the roentgenogram. From the anatomical studies of 
Stoerk and the more recent reiteration of Neumann” and Assman" it 
is easily understood why the left auricle appears on the right. Neu- 
mann interprets the double curve on the right occasionally appearing 
in mitral stenosis as being made up of the two auricles, the left above, 
the right below. He also adds that this is seen rarely in cases of aortic 
insufficiency or arteriosclerosis with left-sided hypertrophy before 
much enlargement of the right side has taken place. The appearance 
of the left auricle on the right in such conditions, he believes, is in 
part due to the rotation of the heart, bringing the left auricle out from 
behind as in a right oblique view. 

In 1922, Bordet" in a series of 200 unselected cases of mitral disease 
noted the appear: » ° of the left auricle on the rig‘it side ten times in 
the outline by x-ray, ye. in all of these the auricle was only moderately 
dilated, and no physical signs were found which might have given a 
clue to the condition. 

In Schott’s’ six cases the auricle was somewhat more prominent, 
and several presented paravertebral dullness on the right side. This, 
however, might have.been due to small amounts of fluid. 

Clinically, then, definite signs of right-sided enlargement of the left 
auricle are only obtained when the dilatation is relatively enormous, 
and even then may readily be mistaken for pleural effusion or aneu- 
rysm. There may be dullness to the right of the midline extending 
even as far as the axillary line and murmurs may be heard over this 
area. Pulsations, visible and palpable, have been reported. It is also 
of clinical interest that in all of these eases with dilatation of the left 
auricle to the right in which the clinical findings were stated, auricu- 
lar fibrillation was also present. This we find occurs in the two cases 
included in our present report. 

The proximity of the esophagus to the auricle was appreciated by 
Joachim’? in 1905 and Minkowski'’® in 1906 when they used it as a 
point from which registration of the presystolie (auricular) impulse 
was readily obtained. Eichorst™ states that cardiac hypertrophy may 
cause compression of the esophagus, but Kovaez and Stoerk'* were 
among the first observers to emphasize deviation and compression of 
the esophagus in enlargement of the left auricle. They injected the 
esophagus with a soft mass and, on removal of the specimen, demon- 
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strated three depressions; the uppermost from the bifurcation of the 
trachea and the left main bronchus, a second from the aorta, and be- 
low these a long smooth depression from the left auricle in cases with 
enlargement of this organ. 

They then examined cases of mitral disease by x-ray while the pa- 
tient swallowed bismuth suspensions or capsules and showed that the 
esophagus was displaced to the right and backward. The degree of 
displacement, they thought, was directly proportional to that of car- 
diae enlargement. In one case a capsule remained just above the com- 
pressed area for fifteen minutes which also indicated some obstruction. 

Faulkenhausen'® reported a case of arteriosclerotie heart disease, 
where compression of the esophagus occurred at two points. The first 
was at the level of the widened aortie arch; the second at the level of 
the left auricle which cavity was apparently enlarged, probably due to 
a functional regurgitation from the hypertrophied left ventricle. 

Gabert*® concludes that the left auricle is almost the sole factor caus- 
ing compression and displacement of the esophagus, but that its en- 
largement may very well be part of a general left-sided hypertrophy 
from causes other than primary mitral disease. The latter condition, 
however, is responsible most frequently. Gabert also recorded the 
deviation posteriorly and to the right as former observers had demon- 
strated. 

Roésler and Weiss*' differ from others in their report, in that the 
esophagus deviates to the left in some of their cases. Their report 
deals with seven cases of mitral lesions, four of which were combined 
with aortic disease. They attributed the displacement to enlargement 
of the left auricle in all cases and explained the deviation to the left 
by rotation of the heart which dragged the esophagus, in its passage 
through the diaphragm, from its normal position just to the right of 
the midline, over to the left side. This must assume rotation pos- 
teriorly from right to left, anteriorly, from left to right, which is in 
an opposite direction from that found by most observers and contra- 
dicts Neumann’s observation, that rotation was a factor in aiding the 
appearance of the left auricle on the right side. 

The clinical significance of compression and displacement of the 
esophagus in patients with enlargement of the left auricle lies in the 
fact that these patients occasionally have difficulty in swallowing. Two 
of the patients reported by Résler and Weiss complained of dysphagia, 
as did some of the patients in Notkin’s*? report. In the case recorded 
by Owen and Fenton,* previously mentioned, difficulty in swallowing 
was a prominent symptom and is, of course, frequent in the experience 
of many. 

The development of recognition of compression of the left main 
bronchus has already been summarized** in connection with a detailed 


clinical report of the first case of this series. Such compression was 
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first reported by King*! in 1838. Four cases, three of mitral disease, 
and one a congenital lesion, were shown at autopsy to have a mate- 
rially decreased lumen of the left main bronchus resulting from pres- 
sure from the enlarged left auricle. Friedreich?’ first clinically diag- 
nosed such a case in 1850 by the lung signs at the left base, the 
diagnosis being confirmed four years later at necropsy by Virchow. <An- 
other case was added by Taylor*® in 1889 in an autopsy report. There 
are but few textbooks?’ which mention it, and until Stoerk’s* admirable 
anatomical study of the normal relations and those in mitral disease, 
it received almost no attention. Stoerk combined the measurements 
of the normal angles at which the bronchi leave the trachea, of Aeby,** 
von Hovorka and Kobler”® with his own and gave the limits of varia- 
tion as in Table I (A). The values found in his eight eases of mitral 
disease are given in Table I (B). It is to be seen that the lower limit 
in mitral disease corresponds to the upper limit of normal as regards 
total angle. The ease which furnished the minimal total angle (78°) 
in the series of mitral disease, presented an angle of 61° for the left 
bronchus. The angle of the left bronchus was, therefore, 12° more 
than that in any of the normal cases, the small total angle being due 
to the unusually slight deviation of the right bronchus, namely 17°. 
The greatest difference, as would be expected, is noted in the angle 
which the left bronchus makes with the axis of the trachea. This 
study was carried out on autopsy material. 

Two vears later, Kahler*® by bronchoscopie examination of patients 
with mitral disease from Kovaez’ clinic, was the first to demonstrate 
displacement of the left main bronchus in living subjects and showed 
that some compression was present in all but one of the thirteen cases, 
the narrowing of the lumen occasionally being extreme. In only one 
of these cases were there signs of pathological nature noted at the left 
lung base. 

Quite recently Gabert*! in x-ray studies of the heart was able to 
visualize the main bronchi in anteroposterior and lateral views. The 
comparison of his eases of mitral disease with the normal leaves no 
doubt that spreading of the angle of departure of the main bronchi 
from the trachea oeceurs with an enlarged left auricle. That the ele- 
vation pertains especially to the left main bronchus was in accord with 
former observers. 

It appears that it is only in the small minority of cases, those with 
extreme compression of the left bronchus, that clinical signs become 
manifest. Usually the phenomenon has been found at autopsy or by 
special examination without a previous clinical diagnosis. The physi- 
cal signs appear only when secondary lung changes take place, such as 
atelectasis, or chronie infeetion and bronchiectasis which require rather 
marked obstruction for their production. Then we find persistent 
moisture, stridulous respiration, and even dullness with breath sounds 
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which may vary from a diminished vesicular murmur to loud tubular 
breathing. They may be coupled with long continued fever, cough, 
and expectoration of sputum. Such signs have occurred in the past, 
but only onee, and that three-quarters of a century ago, has a diagnosis 
been made on that basis. This was made by Friedreich®® in 1850. 


X-RAY STUDY 

The Outline of the Auricle— 

The examination is made both fluoroscopically and roentgenologi- 
cally, the patient being examined in the anteroposterior position, in 
both oblique positions and in the lateral position. In the right oblique 
position the right breast is against the film or screen; in the left 


Fig. 1. Fig. 2. 


Fig. 1.—Case 3 showing the mitral shape of heart. L.V., left ventricle; L.A., 
left auricle; P.C., pulmonary curve. 

Fig. 2.—Case 2 showing how the enlarged left auricle may project beyond the 
normal right border of the heart. Both auricles identified at fluoroscopy. 


oblique, the left breast. In oblique and lateral rays of a normal chest 
there is no marked protrusion of any part of the back of the heart 
into the clear space of the posterior mediastinum. 

The shape of the heart known roentgenologically as the mitral type 
is well recognized (Fig. 1). Vaquez and Bordet*? deal very fully with 
this aspect of the subject in regard to the heart outline of this type in 
anteroposterior as well as in oblique views. The characteristic features 
from the front are an inerease in the horizontal diameter, a widening 
above the ventricles, and the presence of an extra curve (L.A.) be- 
tween the pulmonary cone shadow (P.C.) and the left ventricle (L.V.). 
In the lateral and in the right oblique positions the posterior surface 
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of the dilated auricle is smoothly spherical and shows as a definite, 
backward bulge about two to three inches above the diaphragm. The 
differential diagnosis of these films is, however, not easy. 

That the left auricle, if enlarged, shows clearly in the right oblique 
position and may show even in the anteroposterior position as the up- 
per portion of a double shadow on the right side (Fig. 2) is not so well 
recognized. The identity of this double shadow can be verified at 
fluoroscopy ; a slight rotation to the right bringing the upper shadow 
into greater prominence, hence showing it to be posterior. A study of 
the pulsation may also help. In one of our cases, which was fibril- 
lating, we found on fluoroscopic examination that these two curves 
pulsated asynchronously. During ventricular systole the left auricle 


Fig. 3. Fig. 4. 
Fig. 3.—Case 1. Front view of chest while patient swallows barium emulsion, 
showing how the enlarged auricle displaces the esophagus to the right. 
Fig. 4.—Case 3. Lateral view of chest while patient swallows barium emulsion, 
showing backward displacement and compression of the esophagus. 


was ballooned out under pressure from the left ventricle through the 
incompetent mitral valve, while the right auricle, protected from pres- 
sure by the competent tricuspid valve, did not balloon out but rather 
seemed to contract. 

Examination of the Esophagus.— 

Examination of the esophagus in cases of mitral disease is not new 
but merits more common use in roentgenological examination. The 
patient is examined during the act of swallowing a thin barium sus- 
pension. Fluoroscopy is sufficient unless permanent records are de- 
sired. The normal esophagus passes directly down the mediastinum 
with a slight inelination to the right at about the middle of the thorax. 
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In the lateral views the indentations of the backs of the tracheal 
bifurcation, the aortie arch, and the left auricle on the anterior wall 
of the esophagus can be observed but are never prominent. An en- 
larged auricle presses the esophagus backward and, usually, to the 
right (Figs. 3 and 4), and on fluoroscopy the pulsation of the auricle, 
transmitted to the fluid barium in the esophagus, is strikingly shown. 
Since the displacement is to the right and backward, it should be seen 
at its maximum in the right oblique position (Fig. 5) and at the mini- 
mum in the left oblique position. In the latter position the esophagus 
should appear straight, as it is examined in the plane of the curve. 
This we found to be the ease. 

We ave examined by this method a number of cases of heart disease 
other than mitral—ineluding two enormous hearts, one in a case of 
hypertension and one in a case of congenital heart disease. In all of 
these the esophagus followed its normal course or was deviated to an 
extent which was relatively slight compared to the degree of general 
enlargement of the heart. In some eases of early mitral disease, too, 
the esophagus was normal in position, but in these, evidence of auricu- 
lar enlargement was also lacking. One of us in examining a few cases 
of known mitral disease in young children found this same deviation of 
the esophagus in well-established cases. We have not observed any 
deviation to the left as was noted by Résler and Weiss.*' 

Examination of the Trachea and Main Bronchi.— 

The fact that enlargement of the left auricle may cause displacement 
and distortion of the bronchi has lone since been shown on the autopsy 
table. It has only recently been demonstrated by x-ray. This was 
done by Gabert*! in 1924 in anteroposterior views in which the main 
bronchi showed dimly but plainly enough to estimate the angle be- 
tween them. By the use of the left anterior oblique position in addi- 
tion to the anteroposterior view we find that we ean visualize the 
bronchi more clearly and more frequently. By raying more densely 
and by the use of lipiodal in stout subjects, we can nearly always 
outline the course of the trachea and main bronchi. It is essential 
that films be made, for visualization of the bronchi under the fiuoro- 
scope is unusual unless lipiodol is used. 

In anteroposterior films of the chest, the normal position of the 
bifureation of the bronchus lies just to the right of the lower edge of 
the rounded shadow of the aortie arch in the left upper mediastinum. 
The angle between the right and left bronchi varies from 40 degrees 
to 70 degrees (apparently depending to some extent upon the build 
of the patient), as measured in a series of 6 foot anteroposterior films 
of normal chests after lipiodol injection. The average angle in twenty 
normal cases was 58 degrees with a maximum of 70 degrees and a 


minimum of 38 degrees. Allowing for the fact that the apparent angle 


in the film may be rather less than the real angle, these results 


STEELE AND PATERSON: DISTORTION OF THE BRONCHII 699 


agree quite well with those of Stoerk.* In the left oblique position, 
which we found most useful in demonstrating bronchial abnormality, 
the angle is some five to ten degrees less than that of the corresponding 
anteroposterior films. In this same view, normal individuals usually 
show a certain amount of space between the shadows of the back of 


TABLE I 


VALUES OF THLE TRACHEOBRONCHIAL ANGLES (FROM STOERK) 


(A) NORMAL 


RIG I iT | LEFT. TOTAL 
Average 24.38° | -44,89° 69.27° 
Extremes | 19° to 35° | 32° to 49° 58° to 78° 
RIGHT | LEFT TOTAL 
Extremes 17° to: 51° te 73" 7h” te 217" 


the heart and left bronchus. Fig. 12 (A and B) shows tracings of the 
bronchi made from films taken after injection of lipiodol and illus- 
trates the diminution of the bronchial angle in the change from the 
anteroposterior to the left oblique position. In stout subjects, espe- 
cially, for anteroposterior views it may be necessary to inject a small 
amount of lipiodol to visualize the bronchi. In the left oblique view 
which was found more convenient and reliable for outlining the 
bronchi than any other, the procedure is seldom needed but is so simple 
and well established that its use seems justified in any case of cardiae 
enlargement in which there is doubt concerning the correctness of the 
diagnosis. 

We have studied in considerable detail five cases of typical mitral 
disease and many of less certain clinieal diagnosis. Observations were 
made also on several other types of heart lesions. That one may judge 
their value, summaries of these five clear-cut cases of mitral disease 
are included, as they have not yet come to autopsy. The illustrations 
are taken from these cases entirely except Figs. 10, 11, and 12 (A, B, 
(,D). The illustrations and the measurements of normal angles were 
made from films of individuals suspected of bronchiectasis in whom 
lipiodol was used and who showed no evidence of cardiovascular dis- 
ease, or of pulmonary disease, sufficient in any way to admit of the 
possibility of bronehial distortion. 


CASE SUMMARIES 


CasE 1.—A white man, 47 years old, with symptoms of cardiac insufficiency for 
ten years and twice decompensated entered the medical service, after an acute 
febrile illness of five weeks, having developed a stabbing pain in the left chest the 
night before admission. Dyspnea and cough with a production of large amounts 
of purulent sputum were the chief complaints. He was dehydrated and dyspneic 
with a large heart, auricular fibrillation, a systolic blow and a low diastolic mur- 
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mur, The first sound ‘at the apex was short and sharp, and the second pulmonic 
sound was mueh increased. The lungs were filled with moist rales, most numerous 
over the left base where there was dullness and a friction rub. The electrocardio- 
gram showed auricular fibrillation and right ventricular predominance. Routine 
x-ray examination revealed an extra convexity of, and an increase in width of 
the left upper border. Further examination showed the esophagus displaced pos- 
teriorly to the right (Fig. 5) and a protrusion of the upper portion of the cardiae 
shadow posteriorly. 

Improvement occurred slowly but after five weeks with the patient up and 
about on the ward, the rales and dullness at the left base posteriorly, persisted. 
The breath sounds varied, sometimes suppressed, and sometimes tubular in quality. 
The production of sputum continued at the rate of from two to four hundred 
«.c. per diem. Bronchiectasis was suspected, and an x-ray examination follow- 


ing lipiodol injection was done. There was no bronchiectasis, but the angle be- 


Fig. 5. Fig. 6. 


Fig. 5.—Case 1.—Right oblique view of chest while patient swallows barium, show- 
ing the esophageal displacement is most apparent in the right oblique position. A 
small diverticulum is present, 

Fig. 6.—Case 1. Front view of chest after lipiodol injection of the bronchi show- 
ing distortion and compression of the left bronchus by the enlarged left auricle. 


tween the bronchi was increased to approximately 90 degrees, and the left bronchus 
was turned upward and compressed at a point about 144 em. from the bifureation 
of the trachea. The course could be made out in the anteroposterior film (Fig. 6) 
but was better seen in the left oblique position. In the latter, it could be followed 
even without the use of lipiodol (Fig. 7). 

At the present time the physical signs at the left base persist as well as cough 
and production of moderate amounts of sputum, yet the patient is at home and 
now driving a taxicab nine months after his admission. 


7, 1928, complain- 


CASE 2.—A white woman, 24 years old, was admitted March 
ing of dyspnea and palpitation, first noted five years previously during the first 
pregnancy, recurring more severely during the second pregnancy one year later. 
Since then she has been free from symptoms, save on considerable exertion, until 
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two weeks before admission when a rapid increase in dypsnea occurred with the 
onset of almost continuous palpitation. On examination she was dyspneic, yet 
without any signs of congestive failure, the heart was quite large, 4 em. to the 
left in the third interspace, 11 in the fifth, and just to the right of the sternum in 
the fourth. The apical rate was 140, and auricular fibrillation was proved by 
the electrocardiogram. Systolic and diastolic murmurs were definite, both best 
heard in the fourth left interspace. The x-ray and fluorscopic examinations re- 
vealed a heart greatly enlarged to the left and right, a biconvex right border, 
the two convexities of which pulsated asynchronously. There was a large back- 
ward bulge of the upper posterior border in the lateral view, which pu!sated 
actively and on which the barium in the esophagus, which was displaced posteriorly 
and to the right, danced with the transmitted pulsation. The left oblique view 
showed a widening of the bronchial angle to 80 degrees and some compression and 
upward displacement of the left bronchus. A diagnosis of rheumatic endocarditis 


Fig. 7.—Case 1. Same as Fig. 6 in the left oblique position showing the con- 
pression and elevation of the bronchus very clearly. 

Fig. 8.—Case 3. Left oblique view of the chest showing how distortion of the 
left bronchus can be seen in this position without previous lipiodol injection; contrast 
with Fig. 9. 


with double mitral disease, insufficiency of the valve being more prominent, was 
made. The rate was easily controlled with digitalis, rapid improvement followed, 
and the patient is quite well doing housework at home. 


CASE 3.—A white girl, 26 years old, entered the hospital on Feb. 28, 1928, 
with the complaint of heart trouble The history suggested acute rheumatic fever 
at eleven years of age, and she had been sent to a sanatorium three years prior 
to admission, for pulmonary tuberculosis. Cardiac symptoms had been present 
only one year, beginning with dyspnea, then attacks of nocturnal orthopnea, and 
for a few months edema of her ankles. The patient had been in bed for some 
months and on admission at rest showed no signs of cardiae insufficiency except 
slight cyanosis of the lips, not visible in the finger tips. The heart was moderately 
enlarged, regular, slow; the apical impulse was forceful, and there was a systolic 
shock. A loud crescendo presystolic murmur, heard best in the third and fourth 
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left interspaces inside the midelavicular line, and a soft systolic blow at the apex, 
were present, together with a snapping first sound at the mitral area, and made 
the diagnosis of rheumatic endocarditis with mitral stenosis quite definite. There 
was no evidence of pulmonary tuberculosis on physical examination. The electro- 
‘ardiogram showed a notched P-wave in Leads I and II and a right ventricular 
predominance. X-ray examination revealed a moderately enlarged heart with a 
mitral configuration (Fig. 1). The lungs were clear. The esophagus was dis- 
placed backward (Fig. 4) and to the right. The left main bronchus was elevated 
(Fig. 8), making a total bronchial angle of 70 degrees, and bent upward about 
3 em. from the bifureation. These findings served to confirm the clinical diagnosis. 

The patient improved and six months later is still returning to the dispensary 
in about the same condition. Her physical activity is very limited, the cyanosis 
remains unchanged, but as yet no signs of congestive heart failure have made 


their appearance. 


Fig. 9. Fig. 10. 


Fig. 9.—Left oblique view of the chest in a normal individual after lipiodol in- 
jection showing the normal bronchial angle in this position and the normal course of 
the left bronchus in contrast to Figs. 7 and 8. 

Fig. 10.—Front view of the chest showing position of bronchi in a case with en- 
larged heart not due to mitral disease (case of patent ductus arteriosus) showing 
widening of bronchial angle but no distortion of the bronchus. 


Case 4.—A salesman, 43 years old, was seen in our out-patient department on 
Dee. 23, 1927, and subsequently admitted to the hospital, for study rather than 
therapy. His complaint was ‘‘shortness of breath and substernal pain.’’ <A 
definite history of acute rheumatic fever at the age of 31 and again at 36 years 
was obtained. Symptoms of dyspnea, palpitation, choking and dull precordial 
pain, usually only on effort, had been present for four years without much increase 
until one month before admission when a constant cough developed. On exam 
ination the patient presented an unusually slow pulse rate, 48 to 56, irregular, and 
unaffected by atropine. The heart was much enlarged, 13 em. to left in the fifth 
interspace, and a systolie murmur and a long diastolie murmur were heard. The 
first sound was short and snappy at the apex. The electrocardiographie record was 
that of auricular fibrillation with a very slow ventricular rate occasionally with 
thirty or forty second intervals. The configuration of the heart in the x-ray film 
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was typical of the enlarged left auricle, the esophagus was displaced posteriorly 
and to the right. There was some widening of the bronchial angle to the upper 
limit of normal, namely 70 degrees. The upturning of the left bronchus 2 em. 
from the bifureation was well marked in the left oblique view. A diagnosis of 
rheumatic endocarditis with mitral stenosis was made, 

The patient continues to return to the cardiac clinic, his clinical condition un- 
changed save that in spite of the low ventricular rate, the dyspnea and precordial 


pain seem slightly alleviated by digitalization. 


Case 5.—A salesman, 32 years old, came to our clinic first on Feb. 9, 1928. 
He had an indefinite history of acute rheumatism at the age of 14 years, and a 
typical attack of acute rheumatie fever at 26 years, Tonsillectomy was performed 
at 12 years of age beeause of frequent tonsillitis, Since the second attack of rheu- 
matic ‘ieoie six years before, dyspnea and dull precordial pain after exertion have 


been constantly present. Two years before examination he had several very small 


Fig. 11.—Left oblique view of the chest in a case of enlargement of the heart 
due to hypertension showing widening of the bronchial angle but no distortion. 


hemoptyses and recently sudden attacks of dyspnea. The general examination was 
altogether negative. The heart was slightly enlarged to percussion, especially the 
upper left border, 5 em. to left in third interspace, and a systolic murmur and 
crescendo presystolie murmur with a palpable thrill were present. Predominance 
of the right ventricle and notched auricular waves (Leads I and II) were noted in 
the electrocardiogram. The anteroposterior x-ray of the chest showed a_ well- 
marked curve between the pulmonary cone and left ventricular shadows. The 
lateral and left oblique views showed a posterior bulge of the cardiac shadow 
near the base, leaving the lower portion of the retroecardiac space clear. In the 
left oblique view the main bronchi were visualized and the angle between them 
measured 70 degrees while the left main bronchus showed a well-marked upward 
deflection 3 em. from its origin in the trachea. The diagnosis of rheumatie endo- 
carditis with mitral stenosis was made. His condition at present is unchanged. 
He is still carrying on his business and was advised to take a few hours addi- 
tional rest. 
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Wassermanns on afi these patients were negative. Unmentioned 
routine laboratery tests \ere either of little importance in the present 
connection or negative. 


COMMENT 


With regard to the outline of the enlarged left auricle, the appear- 
ance of the curve L.A (Fig. 1) is now generally recognized as pertain- 
ing to this organ, but we should like to emphasize the fact that the 


_ Fig. 12.—Tracing of trachea and bronchi made from films taken after lipiodoi 
injection. (A) Normal case with average bronchial angle as seen in front view. (B) 
Same case, as seen in left oblique position. (C) Typical instance of elevation and 
compression resulting from enlargement of the auricle. (D) Widening of the bron- 
chial angle without distortion associated with enlarged heart not due to mitral dis- 
ease, 


left auricle may appear as part of the upper right border of the heart 
in x-ray films long before it is detectable in physicai examination. 
(Cases 1 and 2.) Fluoroscopy is here essential for two reasons. First 


graduai rotation of the patient to the ieft ascertains that this upper 


convexity of the right border is identical with the posterior bulge of 


the heart. This in turn is generally azreed to be left auricle. *. cond, 
the occasional helpful tinding of asvnehroneus prisations of the tw: 


convexities, as noted in Case 2, may be present. 
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The deviation of the esophagus in mitral disease is well known but 
is not sufficiently used as a routine test. In passing, it may be noted 
that it has always been to the right and backward in our experience, 
as most observers have recorded. It does not usually oceur to any 
noteworthy extent, even in cases of enormous cardiae enlargement un- 
less the left auricle is involved in the enlargement. 

Distortion of the left bronchus as a useful indication of left auricu- 
lar enlargement is practically unknown. The result of the x-ray ex- 
amination after lipiodol injection in Case 1 was rather a surprise, al- 
though the possibility of compression of the left bronchus as a cause 
of the lung findings in the left base had been suggested. The markedly 
widened bronchial angle of 90 degrees, the compression and especially 
the upturning of the left main bronchus (Figs. 6 and 7) precipitated 
this study. At that time we were unaware of Gabert’s work. Then, 
when the left oblique views were found to show the bronchi still more 
clearly, and when by raying more densely it was possible to demon- 
strate the outline of the bronchi with a certain degree of regularity, 
the possibilities of a useful diagnostic method appeared. 

In no case of known mitral disease was the bronchial angle less than 
70 degrees, which we have already seen to be the upper limit of nor- 
mal; while in the most marked cases it was over 90 degrees. The same 
5 to 10 degrees less in the oblique views was true here as in the normal 
cases. The reported angles ranged from 90 to 70 degrees. 

The notable feature about this distortion was not so much the widen- 
ing of the bronchial angle as the manner in which the bronchus curved 
eradually upward, instead of the normal straight or downward curva- 
tures. (Fig. 8.) The obvious elevation and distortion of the bronchus 
is easily observed as contrasted with the normal (Fig. 9). The same 
contrast is noticeable in the diagram in Fig. 12 (C) which illustrates 
the type of displacement and the manner in which the bronchus may 
be compressed. 

We have examined also, several cases of cardiac enlargement due to 
causes other than mitral disease and have found that a moderate 
widening of the bronchial angle may occur, but to a much less extent 
for a heart with the same degree of enlargement. Neither have we 
ever observed in cases of heart disease other than those associated with 
auricular enlargement, the characteristic upturning and compression 
of the bronchus (Figs. 11 and 12 |D]). 

An excellent illustration of this difference is to be found in Fig. 10 
(compare with Fig. 6). This was a case of enormous cardiac enlargement 
in a Filipino man of 25 years, who had had symptoms of heart disease 
for three or four vears, and in whom a definite diagnosis ce Jd net be 
made between a congenital heart lesion and rhewmatie valwal + disease. 
For two reasons it seemed certain that the left auricle did not partici- 


pate to any great extent in the enlargement. First, there was no pro 
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trusion of the posterior portion of the heart into the retrocardiae space. 
Second, we were able to demonstrate by lipiodol injection that the 
bronchi pursued a normal course save for a possible slight widening 
of the bronchial angle to 75 degrees, only 5 degrees above the upper 
limit of our normal series. This was the only change in spite of the faet 
that the enormous heart shadow bulged well to the left of the left 
bronchus (Fig. 10). Were the upper left shadow left auricle, the 
bronehus would be bent upward, compressed and would tend to ride 
the shadow. 

At autopsy some pulmonary sclerosis and a very large patency of the 
foramen ovale (3 em. in diameter) was all that could be found to ex- 
plain the enlargement. The heart weighed 900 grams and the enlarge- 
ment was mainly right sided, the right auricle, right ventricle and pul- 
monary cone and artery being enormous. The left auricle was little, 
if any, enlarged. This readily explains why the left bronchus was 
relatively undisturbed, since the pulmonary cone and artery are free 
to enlarge to the left anterior to the left bronchus, not bound under it 
as is the left auricle. 

The only other conditions in which we have observed a distortion 
of the left bronchus similar to that found in enlargement of the left 
auricle are tubereulosis and tumor of the lunes. Extreme fibrosis or 
contraction of the left upper lobe may result in widening of the angle 
of deviation of the left bronchus, and even in the characteristic up- 
turning noted in enlargement of the left auricle; but the obviousness 
of a pulmonary lesion sufficiently large to give this result precludes 


any confusion. 
SUMMARY 


The left auricle has a peculiar anatomical position, in that it is the 
posterior and superior chamber of the heart, thereby being in closest 
relation to the esophagus and to the bifureation of the trachea. By 
virtue of this position the left auricle may enlarge to the right as well 
as to the left and during the course of its enlargement may exert pres- 
sure on the esophagus and main bronchi. There are many reports in 
the literature iilustrating these effects, the least known of which is the 
last. Compression and displacement of the bronchi but rarely give rise 
to lung changes, yet may be frequently found by x-ray, and together 
with displacement of the esophagus are usually attributable to the left 
auricular enlargement. 

Roentgenological methods demonstrating the occurrence of these 
three phenomena are described which make more accurate the diag- 
nosis of enlargement of the left auricle. 

1. Observation of right border of the heart for double curve in an- 
teroposterior films and fluoroscopy to verify that the upper curve is 


identical with the posterior superior curve of the heart, and to note 
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is displaced posteriorly and to the right by left auricular enlargement. 
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nehronous pulsations of the two curves. This last makes the diag- 
is of left auricular enlargement quite definite. 


Observation of displacement of the esophagus. The esophagus 


. Demonstration of bronchial displacement, particularly as noted 


in the films made in the left oblique position—in obese patients, after 


injection of lipiodol. Bronchial compression and displacement in 


left auricular enlargement occur frequently and can be demonstrated 


x-ray study: (a) by left oblique views; (b) in anteroposterior 


views following lipiodol injection. 


Nore.—Sinee sending this article to the publishers the very excellent description 


he position and outline of the left auricle has come to my notice: David Steel, 


‘‘The Roentgenological Findings in Mitral Stenosis and Insufficiency,’? Amer. Jour. 


nt. 21: 221, Mareh, 1929. 
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TRANSITORY VENTRICULAR FIBRILLATION AS A CAUSE OF 
SYNCOPE AND ITS PREVENTION BY QUINIDINE 
SULPHATE* 


With Case ReEPort AND DISCUSSION OF DIAGNOSTIC CRITERIA FOR 
VENTRICULAR FIBRILLATION 


WituiAm Dock, M.D. 
SAN FRANCISCO, CALIF. 


HE diagnosis of ventricular fibrillation cannot be proposed for 

electrocardiograms of patients with the assurance usual in classi- 
fying records of arrhythmias. The experimental evidence on which 
the interpretation of the curves must be based has not been so thor- 
ough or convineing that one may state whether any questionable record 
should be classified as ventricular tachyeardia, flutter or fibrillation. 
With these facts in mind I wish to present a patient with synecopal 
attacks as the presenting complaint, in whom during such an attack, 
induced by injecting epinephrine, ventricular arrhythmia of bizarre 
type was recorded. 

CASE REPORT 


Mr. E. 8., married and father of several normal children, had been subject to 
dyspnea and fatigue on exertion ‘‘all his life.’’ Between the ages of 28 and 
33 years he had numerous attacks of arthritis of knees and ankles, with little or 
no fever. 

He was 36 years old when he had his first syneopal attack, which occurred while 
he was at rest. Three weeks later he had a similar attack, and these attacks 
occurred at intervals of about one month from April, 1926, until April, 1927. 
They then became more frequent and variable in severity up to October 15, 1927. 
Between October 15 and 25 they occurred one or more times daily. He had always 
considered himself a nervous man, and this irritability was increased at this time. 
The noise made by his children often was the precipitating factor for the attacks. 

He described his attacks as follows: A sudden sensation of heaviness in the 
chest seized him, and seemed to well up toward his head. The skin felt as though 
warm water were rising over it. When the sensation reached the chin level, he 
became weak and had to hold on to something to keep from falling. When it 
reached the level of his nose, he lost all muscular control, became blind and fell 
to the floor. He thought he had only lost consciousness once, and then for two 
minutes. Usually the attacks stopped before he became blind, and after the attacks 
passed off he was weak and tremulous for from twenty to thirty minutes. During 
the attacks his physician noted that pulse and heart sounds were absent. 

On October 26, while in the office of Dr. R. B. McKenzie, he had a mild attack, 
the termination of which was recorded electrocardiographically (Fig. 1). He then 
entered the hospital and during five days of bed rest had no attacks. 

He was a well-developed man, somewhat over-alert but not sick. There was marked 
dental caries with pyorrhea. The heart and lungs were quite normal, blood pressure 
*From The Department of Medicine, Stanford University Medical School, San 
Francisco. 
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was 140 mm. systolic, 85 mm. diastolic. The blood, urine, Wassermann and 
teleroentgenogram of the heart were all normal. The electrocardiogram was norma] 
except for rare ventricular extrasystoles, all arising in the same region. 

The patient was given epinephrine 0.2 ¢.c. of 1/1000 solution intravenously, 
Marked nervousness, tremor and sinus tachyeardia occurred; no extrasystoles were 
produced. Within ten minutes the effeet had almost entirely subsided. Fifteen 
minutes after the first injection a second dose of 0.3 ¢.c. was given. Before the 
record (Fig. 2) was started or the needle was out of the vein, the attack came on, 
and this was quite typical of the attacks observed by his home physician several 
times in the previous two weeks, during which the patient was pulseless, no heart 
sounds were audible and weakness and blindness came on within half a minute. 
The whole attack lasted about one minute, but he was very weak for half an hour, 

He was put on constant medication with quinidine sulphate 0.3 gm. three times 
a day and in the year following this had but one attack of syncope. This was 


Fic |. 


Fig. 1.—Termination of spontaneous attack of ventricular arrhythmia, rate 285 per 
minute. Time in 1/5 seconds. 
Fig. 2.—Consecutive tracings during an attack induced by epinephrine. Two sec- 


onds of sinus rhythm omitted between Nos. 4 and 5. Note sinus beats (marked with 
9 


S) interpolated without postundulatory pause in Nos. 2 and 3. 
during the removal of his carious teeth under local anesthesia. He found that 
when he discontinued quinidine for a few days he was troubled by fleeting sensations 
of precordial heaviness, and this difficulty persisted even after his gums had been 
healed over for six months. His tendency to fatigue easily and to become short 


of breath on exertion was unchanged. 


Summary.—A middle-aged man, who had always had symptoms sug- 
gestive of effort syndrome, had syncopal attacks with increasing fre- 
queney for eighteen months. After quinidine rationing the attacks no 
longer occurred. Electrocardiograms were obtained during one mild 
spontaneous and one severe attack induced by giving epinephrine. 
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DESCRIPTION OF ELECTROCARDIOGRAMS 


The tracing (Fig. 1) obtained during a brief spontaneous attack 
shows a ventricular tachyeardia (rate 280), with moderate variation in 
shape and duration of electreial complexes. There is no iso-electric 
period. The normal rhythm begins after a short pause; it is at first 
rapid but soon returns to a rate of 58 per minute. 

The tracing (Fig. 2) obtained during the attack induced with 
epinephrin? is of an entirely different sort. The ventricular rate 
varies between 190 and 200 per minute, although toward the end 
of the attack much slower rates of deflection can be noted for 
2 to 4 complexes. There is no dominant form of electrical com- 
plex but the widest variation in shape with a tendency to have 
a few more or less similar waves followed by groups wholly different. 
About thirty seconds after the beginning of the attack a single sinus 
beat of normal shape, and not preceeded by a pause, is interpolated in 
the tachyeardia. Similar beats occur more frequently, then in twos 

and threes, and finally the attack terminates in a run of rapid sinus 
beats with occasional brief runs of abnormal! ventricular complexes. 


DISCUSSION 

The eardiae activity represented by the oscillations recorded in Fig. 2 
is obviously of quite a different order from the usual ventricular 
tachyeardia, and it may be doubted that this attack induced with 
epinephrine is the same as the patient’s spontaneous attacks. Sub- 
jectively the attack was quite like his severe seizures, and we know 
ihat in other eases where similar doses of the drug have been given 
to patients with a tendency to ventricular arrhythmia the effect was 
to preduee attacks which were quite similar to the spontaneous ones' 
or to cause merely a sinus tachyeardia.? In this patient a dose only 
one-third smaller had evoked no ectopic rhythm. 

To classify these tracings it is necessary to review those ventricular 
arrythmias which lie beyond simple tachyeardia. In the German 
literature® the same scheme is used as with the auricular arrhythmias, 
and they designate as flutter those with continuous dentate oscillations 
of fairly regular form, and as fibrillation those with irregular and 
rounded oscillations. English and Freneh authors avoid the term 
“‘ventricular flutter’’ and substitute ‘‘pseudofibrillation,’’ ‘‘ phase 
ondulatoire’’ or ‘‘those preliminary disturbances which precede’’ fibril- 
These observers attach prognostic rather than physiological 
significance to these distinctions, for as MacWilliam’ states of the con- 
ditions in the exposed heart of experimental] animals, ‘‘from the evi- 
dence afforded by inspection, palpation, tracings of the oscillations, fall 
of blood pressure, ete., the two conditions (fibrillation and pseudo- 
fibrillation) may be impossible of distinetion, but they differ strikingly 
as regards persistence; pseudofibrillation ceases immediately or at vary- 
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ing short periods after the cessation of the stimulation, while true 
fibrillation under ordinary circumstances goes on as a rule to the death 
of the heart.’’ This distinction between fibrillation and the stage which 
precedes it, based wholly on prognosis, is of no value in human physi- 
ology, for the tendency of fibrillation even when fully developed in 
man is toward early spontaneous arrest of the arrhythmia. No one 
would accept a division of auricular fibrillation into pseudo and true 
on a basis of persistence, although here the difference in duration of 
paroxysmal and permanent attacks is a question of years. It ts obvious 
that such a distinction is even more absurd for ventricular fibrillation 
where persistence for eight or ten minutes means death. With regard 
to the distinction between flutter and fibrillation, it is well to reeall 
that in auricular flutter it is possible to demonstrate A-V conduction, 
usually with partial block, as well as motion of the auricles and of 
blood in the great veins due to the fact that the auricular muscle still 
contracts as a unit. Similar motion of ventricular muscle has never 
been demonstrated in the so-called ventricular flutter in man. Lewis‘ 
has shown that in the early stage of ventricular fibrillation in the dog 
the oscillations are quite similar in regularity and shape to the den- 
tate oscillations of auricular flutter; yet at this time the carotid pres- 
sure scarcely fluctuates from zero, and the ventricular myocardiogram 
is a straight line. It seems certain that we will have to content our- 
selves with the diagnosis of tachyeardia for those cases where per- 
sistent heart sounds or other pulsatile activity of ventricles is present, 
and fibrillation for those where gross mechanical arrest is present with 
persistent electrical oscillations. The more rapid and irregular these 
cscillations, the more certain can we be of advanced disturbance in 
the conduction of the circus movement, but slower and more regular 
oscillations are compatible with a dilated and fibrillating ventricle as 
may easily be observed with the exposed dog heart. 

With these facts in mind it seems quite proper to suggest that both 
attacks recorded in this patient were due to ventricular fibrillation, 
the spontaneous one having a more rapid and regular oscillation than 
the induced attack. The conditions under which the latter occurred, 
the slower rate and great number of brief pauses suggest that the 
condition resulted from the depressant action of epinephrine, rather 
than from its sympathecticomimetic action. 

This brings us to a consideration of the factors which produce or 
initiate ventricular fibrillation.6 Experimentally fibrillation can be 
produced by faradization, and even in some species by a properly timed 
single shock to the ventricle or by massage or heating, by ligation or 
injection of emboli into the coronaries, or by alterations in vagal and 
sympathetic tone. A wide variety of drugs produces this arrhythmia: 


potassium, barium, pilocarpine, quinidine, digitalis, nicotine, cocaine, 
chloroform and epinephrine, The latter is unique in that small doses 
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may cause and large ones arrest ventricular fibrillation. Clinically the 
following facts seem well established: electric shocks, chloroform anes- 
thesia and disease of coronary arteries may cause ventricular fibrilla- 
tion and death. The great majority of clinically recorded cases of 
ventricular fibrillation occurred in patients with permanent A-V block 
shortly before death from myocardial disease or at the time of death 
in patients with other diseases. It has been assumed that sudden death 
occurring after emotional shocks, or in patients with angina pectoris, 
aortie insufficiency and the like are due to ventricular fibrillation, and 
deaths from digitalis and from quinidine are attributed to a similar 
mechanism, In patients with advanced myocardial disease the tendency 
to ventricular arrhythmia, especially under digitalis, is marked and 
may terminate in fibrillation. 

We noted previously that of the seore of cases of ventricular fibril- 
lation reeorded electrocardiographically, only one in a patient dying 
vf heart disease, and two in eases in which the dying heart was recorded 
in patients with infectious disease were truly terminal, all the rest 
were transitory and this, in spite of the unfavorable conditions—com- 
plete heart-block, quinidine poisoning or moribund febrile state—which 
led to the oeeurrence of the arrhythmia. The most rapid ventricular 
fibrillation ever recorded in man terminated abruptly and the patient 
recovered,’ while in thirty-seven moribund patients studied by various 
groups, only five showed transient fibrillation and two terminal fibrilla- 
tion.® ® 7% 11 JT think that we must conclude from this that ventricular 
fibrillation is not easily established or maintained in man. 


Nothing has been reported concerning treatment of attacks or 
prophylaxis in man. If we may judge from animal experiment, the 
intracardiac administration of full doses of epinephrine, or of potas- 
sium chloride, chloral hydrate or camphor would be worthy of trial in 
the attacks, and quinidine or digitalis as prophylaxis. We used quini- 
dine in this case because of Scott’s report! of its effectiveness in ven- 
tricular tachyeardia, and the result seems to have been excellent. 


SUMMARY 


The significance and diagnosis of ventricular fibrillation is discussed 
with reference to a patient without evidence of organic heart disease, 
who had for eighteen months attacks of syneope due to transitory ven- 
tricular fibrillation. Quinidine sulphate rationing prevented these 
attacks. 
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BLECTROCARDIOGRAPHIC CHANGES IN DIPHTHERIA 
II. INTRAVENTRICULAR BLOCK* 
Ropert M. Srecuer, M.D. 


CLEVELAND, OHIO 


NE of the most striking clinical features in some eases of diphtheria 

is the extreme toxicity of the patient with a condition of the 
circulatory system bordering on collapse. Low blood pressure and 
feeble peripheral pulses, poor heart sounds and gallop rhythm are in- 
dieations of eardiae dilatation, which is demonstrable clinically and 
has been observed roentgenologically. Such signs may be associated 
with slow or rapid heart rates and with irregular rhythms suggesting 
heart-block or independent ventricular tachyeardias, which give serious 
prognosis. Electrocardiographie studies often reveal only a normal 
eardiae mechanism with intraventricular block varying from merely 
delayed QRS interval to typical bundle-branch block. 

It is the purpose of this paper to eall further attention to these 
phenomena and to consider the progress of these abnormalities from 
rather mild effects to more severe ones and to death in some eases, or 
to complete clinical and electrocardiographie recovery in others. Six 
eases were studied. Many other instances of delayed intraventricular 
conduction were observed, but they were accompanied by complete heart- 
block and have been considered in a previous article. This paper 
suggests that the intraventricular block is frequently the result of a 
functional depression of the conduction system, rather than an anatomi- 
cal change. 

A brief summary of the cases and a description of the records fol- 
low. Measurements were made by projecting electroecardiographie films 
on a sereen so that time intervals of 0.04 second equalled 0.5 ineh. 
Readings were taken with a ruler. 


CASE REPORTS 


CASE 1.—A negro boy, 5 years old, received 40,000 units of antitoxin on admission 
to the hospital. As no clinical history was ever obtained, the previous duration 
of illness remained unknown. The patient was very sick with low blood pressure 
and a pulse rate of 120 for six days, followed by marked improvement. On the 
twenty-seventh day in the hospital, nystagmus and petechiae of the skin appeared, 
and lumbar puncture showed 152 mononuclear cells and globulin, A diagnosis of 
tuberculous meningitis was made. Death occurred the next day after clonic con- 
vulsions.: 

An electrocardiogram on the ninth day in the hospital shows normal mechanism 
with regular rate of 80. The P-R interval is about 0.18 second. Ventricular com- 


_*From the Department of Medicine, Western Reserve Medical School at Cleveland 
City Hospital. 
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plexes show splintering, they are diphasic in Leads I and II, and inverted in Lead 
III. The QRS interval varies from 0.13 to 0.14 second in Lead I. The T-wave 
is upright in all leads (Fig. 1). A record taken on the following day is similar, 
but the excursion is greater in Lead I (Fig. 2). The next record, taken on the 
eleventh day, is similar to the first two described except that the splintering of 
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Fig. 1—Case 1. Record on ninth day in the hospital. Normal mechanism. 
Marked splintering of ventricular complex with QRS interval of 0.14 second. 


t 


Fig. 2.—Case 1. Record on the following day, similar to the previous, but the 
excursions of Lead I are increased, 


QRS has completely disappeared and the interval is reduced to from 0.10 to 0.12 
second in all leads. Left ventricular preponderance is still marked (Fig. 3). 
The last record, taken on the fourteenth day, is normal. QRS interval is 0.08 
second. Lead III is of low amplitude and T-waves are inverted here (Fig. 4). 


CASE 2.—A white girl, 6 years old, received 40,000 units of antitoxin after en- 
tering the hospital on the third day of the disease. She improved gradually and 
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was discharged after forty-five days in the hospital, with instructions to spend 
most of her time in bed for the next two weeks. 

About the eighth day in the hospital her pulse fell to 60 where it remained 
until the twelfth day when it rose to about 100. An electrocardiogram taken on 
the eleventh day shows a rate of about 60 with a regular rhythm interrupted by 
auricular or nodal extrasystoles. This might be considered complete heart-block 
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Fig. 3.—Case 1. Record on the eleventh day. Splintering of ventricular com- 
plexes has disappeared, and QRS interval is reduced to from 0.10 to 0.12 second. 
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Fig. 4—Case 1. Record on the fou «1th day is normal. 


with independent ventricular rhythm, but the fifth complex of Lead I, the last 
complex of Lead II, and first, third, fifth and last complexes of Lead III definitely 
follow P-waves. Where ventricular action follows auricular contraction shortly 
after the preceding systole, the QRS complexes are smaller than usual but have the 
same general form as the others. QRS complexes in Leads If and III are diphasie 
and the interval varies from 0.14 to 0.16 second (Fig. 5). 
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A record taken three days later shows a normal mechanism except for auricular 


extrasystoles, the fourth complexes in Leads I and II. 


The P-R interval is normal, 


QRS complexes are upright and notched in all leads, and the interval is delayed 


to ( 


Five more records were made, all showing progressive improvement. 


1.12 second. 


The T-wave is constantly inverted (Fig. 6). 


The last 


record, made three days before discharge, shows a regular mechanism, normal P-R 


interval and normal QRS complexes except for low voltage. 
Leads IT and III (Fig. 7). 


T-wave is inverted in 


22222 


Fig. 5.—Case 2. 
extrasystoles. 


Record on the eleventh day showing nodal 


rhythm with auricu- 
Marked widening of QRS complexes from 0.14 to 0.16 second. 


} Hit 
= 
= 
Fig. 6.—Case 2. Record on the fourteenth day shows splintering of venticular 
complexes with QRS interval of 0.12 second. The rhythm is regular except for 


isolated auricular extrasystoles in Leads I and II. T-wave is constantly inverted. 


CasE 3.—A white girl, 13 years old, received some injections into the buttocks 
from the family doctor on the sixth day of the disease and entered the hospital 
on the eighth day, receiving 2,000 units of antitoxin at that time. She improved 
steadily during her stay and was discharged with pharyngeal paralysis after thirty 
days in the hospital. 

An electrocardiogram taken on the fifth day in the hospital shows a regular 


The P-R interval is fully 0.2 second. QRS complexes 


rhythm and rate of 70. 
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are notched in all leads, upright in Leads I and II and inverted in Lead III, 
and measure from 0.14 to 0.15 second. The T-waves are opposite in direction to 
the main ventricular complexes in Leads I and III. This record shows right bundle- 
branch block, though the excursions are not so great as are usually seen (Fig. 8). 
A record two weeks later shows a marked change toward normal (Fig. 9). 


i 


Fig. 7.—Case 2. Record before discharge from hospital. It is essentially normal 
except for low voltage and inverted T-waves in Leads II and III. 
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Fig. 8.—Case 8. Record on the fifth day showing splintering of ventricular com- 
plexes. QRS interval prolonged to 0.15 second and T-waves opposite in direction 
to that of main deflection. This record shows right bundle-branch block. P-R inter- 
val is 0.2 second, 


Case 4.—A white boy, 7 years old, received 40,000 units of antitoxin on ad- 
mission to the hospital the fourth day of the disease. He was very ill with a 
pulse rate of 140 and blood pressure of 85/45 mm. He developed gallop rhythm 
and eardiae dilatation on the third day in the hospital, which persisted until the 
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twenty-eighth day. Improvement was progressive, however, and he was released 
on the thirty-first day to the care of his family physician with the understanding 
that he would remain in bed for two wecks. 

The first electrocardiogram taken on the third hospital day reveals a regular 
rhythm with a rate of 120. The QRS complexes are upright, notched in al! leads 
and show an interval of from 0.10 to 0.12 seeond. The T-waves are upright in 
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Fig. 9.—Case 3. Record taken two weeks later, which is essentially normal. 


Fig. 10.—Case 4. Record on third day in the hospital shows ventricular complexes 
upright and splintered and QRS interval of from 0.10 to 0.12 second. 


Leads I and II and inverted in Lead III. The voltage is low (Fig. 10). A record 
taken four days afterward shows notched QRS complexes with an interval of 0.12 
second. These complexes are upright in Lead I and inverted in Leads II and III. 
The T-waves are opposite in direction to the initial ventricular complexes in all 
leads. The voltage is still low, otherwise the record suggests right bundle-branch 
block (Fig. 11). <A record taken on the fifteenth hospital day shows notched 
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QRS complexes, but the interval has decreased to 0.08 to 0.10 second. They are 


upright in all leads but the voltage remains low (Fig. 12). 


Case 5.—A white girl, 7 years old, received 40,000 units of antitoxin on ad- 
mission to the hospital on the fifth day of the disease. She was acutely ill; the 
blood pressure was low, and the pulse was feeble. There was no improvement in 
her condition, and on the fourteenth day she vomited, became cyanotic and pulse- 


less, and died in a few hours. 
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Fig. 11.—Case 4. Record four days later showing right bundle-branch block. 


r as 12.—Case 4. Record on fifteenth hospital day showing definite change toward 
ormal, 
— 

An eleetrocardiogram taken on the eleventh hospital day shows regular mechanism 
with a.rate of 90. P-R interval is within normal limits. The QRS complexes 
are upright in Lead I and inverted in Leads II and III. The QRS complexes 
in Leads II and III are splintered, and the QRS interval is 0.14 second. The 
T-waves are opposite in direction to the initial ventricular complexes in all leads 
(Fig. 13). This record shows right bundle-branch block. 
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CAsE 6.—A white girl, 10 years old, received 40,000 units of antitoxin on ad- 
mission to the hospital on the seventh day of the disease. She experienced some 
difficulty in swallowing for several days due to swelling of the neck. The systolie 
blood pressure was consistently about 80 mm. and the diastolic varied from 0 to 
40 mm. She seemed to be improving gradually, however, until the eighth day in 


the hospital when she suddenly collapsed and died. 
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Fig. 13.—Case 5. Record taken three days before death, showing splintering of 
ventricular complexes and delayed QRS interval of 0.14 second. This record shows 
right bundle-branch block. 
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Fig. 14.—Case 6. Record taken the day before death shows inverted ventricular 
complexes in Leads I and II, delayed QRS interval, and indefinite T-waves. 


An electrocardiogram taken on the seventh hospital day shows simple tachy- 
cardia, rate 128. The P-R interval is 0.2 second. The QRS complexes are in- 
verted in Leads I and II; the amplitude is low and interval prolonged, though it 


is difficult to measure because it is indefinite. T-waves are also indefinite (Fig. 14). 
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DISCUSSION 


The eclectroecardiograms from six cases of diphtheria are presented, 
showing delayed intraventricular conduction from 0.12 to 0.18 second. 
Definite notching of the QRS complexes is seen in each ease. Cases 3, 
4. and 5 (Figs. 8, 11, and 13) show right bundle-branch block. In 
the first, complete clinical and electroecardiographic recovery was ob- 
served; in the seeond, partial recovery was seen electrocardiographieally 
and practically complete recovery clinically reported, while the third 
ease terminated fatally. Case 1 suggests right bundle-branch block 
put is not typical beeause the T-wave in Lead I is upright. Cases 2 
and 6 show marked intraventricular block. The QRS complexes are 
all upright with T-waves inverted in the first instance and voltage low 
and T-waves not definitely distinguishable in the latter instance. 

The second case of this series showed an abnormal rhythm, which 
is interpreted as a nodal rhythm interrupted by auricular extrasystoles. 
Three days later normal P-R sequence was seen, and the rhythm was 
regular except for occasional auricular extrasystoles. Thereafter a 
regular mechanism prevailed until discharge. Normal mechanism was 
present in all the other cases. This might be explained by the fact 
that all cases associated with auriculo-ventricular block form the basis 
for another study and have been considered in the previous article. 

Of the six eases studied, three were followed to electrocardiographie 
and elinieal recovery. (The first ease died of intercurrent infection 
after recovery from diphtheria.) One showed partial recovery before 
it was removed from our observation, and two terminated fatally at 
the height of eleetrocardiographie disturbance. 

Intraventricular block is a group term suggested by Oppenheimer and 
Rothschild? to include arborization block and bundle-branch block, and 
is characterized by delay in the QRS interval. These authors reported 
a series of cases revealing at autopsy extensive fibrosis of the endocardial 
surfaces of the ventricles, which they ealled arborization block. The 
electrocardiograms showed delayed QRS conduction, low voltage, and 
absence of typical diphasie curves with large T-waves opposite in di- 
rection to that of the initial ventricular deflection of bundle-branch 
block. Bundle-branch block indicates a lesion of a branch of the 
conduction system below the bifureation. The electrocardiograms under 
these cireumstaneces show delayed QRS conduction with notching. The 
ventricular complexes are of large amplitude and diphasie with the 
T-wave opposite in direction to that of the initial deflection. 

Numerous observers have reported delayed intraventricular block or 
bundle-branch block as transient phenomena. Robinson? has reported 
cases showing intraventricular conduction defects which disappeared 
with functional improvement of the heart. During the height of the 
disturbance and when the heart action was irregular, the beats follow- 
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ing long diastolic pauses were more nearly normal than those follow- 
ing short pauses. The clement of rest and recovery in these cases, 
consequently, played an important part in conduction defects. 

Willius and Keith‘ described three cases of incomplete bundle-branch 
block associated with myocardial disease. All showed a normal electro- 
eardiogram with clinical recovery, so that the authors coneluded that 
profound disturbances in ventricular conduction may be evanescent 
with or without cardiac decompensation. Leinbach and White’ de- 
scribed a patient with a normal eclectroecardiogram and a slow rate at 
rest and right bundle-branch block during a rapid rate after exercise. 
Another patient showed alternate complexes of right bundle-branch 
block and normal mechanism before the branch block beeame permanent. 
Intraventricular conduction defects probably dependent upon fune- 
tional depression were described by Wilson and Herrmann® in a ease 
of uremia shortly before death. Colvin’ described a similar case in 
carbon monoxide poisoning, followed by recovery. 

The occurrence of intraventricular conduction defects in the course 
of diphtheria followed by electrocardiographic recovery, indicates that 
these phenomena may result from toxie depression of the conduction 
system. 


SUMMARY 


Six eases of diphtheria are presented in which delayed intraventricu- 
lar conduction was observed. In four instances this was a transient 
phenomenon followed by electrocardiographic recovery. 


The author wishes to express his appreciation to Dr. J. A. Toomey and the 


Department of Contagious Diseases for permission to study these cases. 
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A COMPARISON OF RECORDS TAKEN WITH THE EINTHOVEN 
STRING GALVANOMETER AND THE AMPLIFIER- 
TYPE ELECTROCARDIOGRAPH* 


A. CARLTON ERNSTENE, M.D., AND S. A. LEvingE, M.D. 


Boston, Mass. 


OCK' recently has reemphasized the distortion of the electrocardio- 

gram which results from introducing a condenser in series with 
the leads from a patient to the string galvanometer and has made this 
phenomenon the premise for a critical analysis of records obtained 
with electrocardiographs of the resistance-and-capacitance-coupled 
amplifier type. He presents an illustration showing distortion of the 
S-wave, S-T interval, and T-wave produced by the amplifier-type in- 
strument due to overshooting of the terminal part of the QRS deflec- 
tion, and he states that this distortion increases with inerease in dura- 


Fig. 1.—A standardization record of the amplifier-type electrocardiograph. 


tion and voltage of the QRS complex. Another illustration shows over- 
shooting of the base line in the amplifier standardization record. In 
conclusion he states that although the distortion is slight in most 
records it must be considered in interpreting the tracings, and that 
electrocardiograms made in this manner ean accurately duplicate Ein- 
thoven string galvanometer records only when the standardizing test 
current does not produce overshooting on the ‘‘break.’’ For these 
reasons he considers the amplifier-type instrument unsatisfactory. 

No other data on the accuracy of records obtained by electrical am- 
plification of the heart currents are available. Because of this and 
the increasing popularity of the amplifier-type electrocardiograph, the 
Einthoveu string galvanometer and amplifier records of twenty-five 
patients have been compared by detailed inspection and measurement. 
The amplifier-type instrument used was a late model of the Victor 
electrocardiograph, and the string galvanometer was a new Cambridge- 
Hindle model number two. The tracing on one instrument was taken 
immediately after that on the other, each apparatus being used first 


*From the Research Laboratories, Beth Israel Hospital, and the Department of 
Medicine, Harvard Medical School, Boston. : 


1259 


— 


726 THE AMERICAN HEART JOURNAL 
TABLE I 
NAME AGE DIAGNOSIS RATI R QRS 
LEAD HINDLE VICTOR HINDLEI VICTOR HINDLEI VICTOR 
1 81 7 
W.M 17 Normal 2 77 77 0.12 0.12 0.09 0.09 
> 77 78 0.12 0.12 0.09 0.09 
0.17 0.08 0.08 
W.R 40 Normal 2 63 66 0.20 0.20 0.08 0.08 
3 66 64 0.19 0.20 0.09 0.09 
1 82 89 O12 0.15 0.07 0.07 
PD. 20 Normal 2 82 86 0.14 0.14 0.10 0.09 
a 79 84 0.12 0.12 0.10 0.10 
87 OL 0.15 40.15 £0.08 0.08 
C.M. 34 Normal 2 80 84 0.15 0.16 0.08 0.08 
3 77 87 0.15 0.15 0.08 0.08 
1 #73 #73 0.38 0.38 0.08 0.08 
A.D. 28 Mitral stenosis 2 74 73 0.34 0.34 0.08 0.08 
3 74 74 0.32 0.32 0.08 0.08 
99 OF 020 021 40.10 ~~ 0.10 
L.D. 15 Mitral stenosis 2 102 99 0.20 0.21 0.10 0.10 
3 96 102 0.20 0.91 0.10 0.09 
1 7 73 015 0.15 0.08 0.07 
M.A 27 Normal 2 77 77 0.16 0.16 0.08 0.08 
3 78 77 0.16 0.16 0.08 0.08 
1 49 50 0.16 0.16 0.08 0.08 
A.E. 27 Normal 2 48 55 0.16 0.16 0.11 0.11 
3 46 48 0.16 0.16 0.12 0.12 
1 7 74 016 0.16 0.08 0.08 
B.J. 24 Normal 2 80 72 0.14 0.14 0.09 0.09 
3 78 74 0.15 0.14 0.08 0.08 
1 60 G61 O14 O14 O12 0.12 
S.E. 55 Normal 2 65 63 0.15 0.15 0.12 0.11 
> 62 60 0.15 0.15 0.11 0.11 
1 116 121 020 020 0.08 0.08 
R.R. 24 Aortie regurgitation 2 121 125 0.19 0.19 0.10 0.09 
Mitral stenosis 3 116 121 0.20 0.20 0.10 0.09 
1 58 70 O11 O11 0.09 0.09 
B.G. 50 Angina pectoris 2 6 62 012 012 610 £6.10 
3 D8 62 0.13 0.12 0.09 0.09 
1 68 67 O13 0.14 0.11 0.10 
S.G. 58 Angina pectoris 2 68 68 O13 0.14 0.10 0.10 
3 70 70 t t 0.10 0.10 
80 82 0.17 0.16 0.07. 0.07 
N.F. 38 Secondary anemia 2 81 81 0.17 O17 0.09 0.08 
, 79 8] 0.16 0.16 0.07 0.07 
1 80 81 020 021 «20.07. 0.07 
S.S. 76 Aortic regurgitation 2 77 91 0.23 0.23 0.09 0.09 
3 72 022 0.22 0.09 £0.09 
1 96 97 0.11 0.07. 0.07 
JS, 42 Bronchiectasis 2 93 86 0.13 0.13 0.08 0.08 
oF @33 033 008 665 
1 81 #76 0.10 0.10 0.08 0.08 
LP. 44 gssential hypertension2 81 81 0.12 0.13 0.06 0.06 
as. 3 80 77 0.12 0.13 0.08 0.08 
1 79 79 . 015 014 0.07 0.08 
M.S 26 Normal 9 83 78 0.14 0.15 0.10 0.10 
3 81 75 O14 0.14 0.10 0.10 


HINDLE VICTOR 
0.36 0.36 
0.36 0.37 
0.35 0.35 
0.37 038 
0.39 0.36 
0.36 0.36 
0.32 0.32. 
0.34 0.35 
0.35 0.34 
0.32 0.32, 
0.34 0.34 
0.33 
0.30  0.30— 
0.30 0.30 
0.32 0.32 
0.32 0.32 
0.32 0.32 
0.33 0.32 
0.35 
0.35 0.35 
9.34 0.33 
0.41 041 
0.42 0.42 
0.42 0.42 
0.32 0.32 
0.36 0.36 
0.35 0.36 
0.36 0.36 
0.37 0.37 
0.37 0.87 
0.28 0.28 
0.30 
0.31 0.30 
0.42 0.42 
0.44 0.44 

t 
0.39 0.329 
0.38 0.39 
0.33 0.33 
0.33 0.32 
0.30 0,30 
0.30 0.30 
0.32 0.33 
t t 
0.32 0.32 
0.34 0.34 
t t 
0.38 0.38 
0.38 0.38 
0.38 0.38 
0.32 0.32 
0.35 0.34 
0.34 0.34 
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AMPLITUDE 
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DURATION P P Q R 
HINDLE VICTOR HINDLE VICTOR HINDLE VK TOR HINDLI VICTOR HINDLE VICTOR HINDLI ; vic TOR 
0.09 0.08 0.7 0.6 0,0 0.0 4.3 3.5 1.8 
0.10 0.09 2.2 1.8 2.3 2.0 20.0 16.5 4.1 30. 45 3.5 
0.09 0.09 1.5 1.3 3.9 3.0 19.2 15.5 3.0 18 2.0 1.8 
— 7.08 0.08 1.0 0.9 0.2 0.2 7.7 6.0 1.5 12 2.3 2.0 
0.12 012 1.45 1.3 0.1 0.1 88 7.3 ah af. 38 2.4 
0.08 0.08 0.7 0.7 1.8 1.3 1.7 LZ 2.2 2.0 0.5 0.5 
0.07. 0.08 1.1 1.0 0.0 0.0 6.0 5.2 0.2 0.2 2.8 2.0 
0.09 0.10 1.3 1.0 0.0 0.0 7.8 6.3 5.0 4.3 4.5 3.5 
0.08 0.07 *0.3 *0.2 0.7 0.8 5.0 4.5 1.4 
—0.5 -0.5 
0.08 O8 04 90 80 25 1.8 
0.09 0.10 1.6 1.5 1.0 1.0 10.0 9.0 0.8 0.8 3.5 2.0 
0.09 0.09 0.8 0.8 0.3 0.5 4.2 3.0 0.2 0.2 0.3 t 
“O12 012 19 16 0.1 18 42 70 5.0 1.0 09 
0.11 O.11 *2:0 1.8 1.0 1.0 9.0 9.0 2.2 2.0 1.3 1.2 
0.5 0.5 
0.10 0.10 —-0.4 —0.4 3.0 2.5 11.0 10.2 0.3 0.3 0.3 0.3 
0.09 O08 09 80 70 1212 1.0 1.3 1.3 
0.12 0.12 1.5 1.2 0.0 0.0 18.8 73 0.0 0.0 1.5 1.5 
0.08 0.08 0.5 0.5 1.0 1.0 12.0 12.0 0.0 0.0 0.3 0.3 
~0.08 009 4O9 10 #10 £88 £64 0.7 3.0 2.0 
0.09 0.09 2.0 3.5 0.6 0.5 233 10.7 78 17 4.0 3.3 
0.09 0.09 is 1.0 0.7 0.7 4.8 4.5 1.0 1.0 1.5 1.5 
0.08 008 0.0 0.0 60 «4.7 05 32 
0.09 0.09 1.0 0.9 LS 1.3 | 15.0 1.9 i3 5.4 4.3 
t t t t is 1.2 12.5 11.0 12 1.0 22 1.6 
0.10 0.10 09 0.8 0.0 0.0 3.7 34 2.7 27 28 2.4 
0.10 0.10 1.3 33 0.8 1.0 16.0 15.0 1.6 1.3 5.8 5.2 
0.08 t 0.8 0.5 1.0 0.9 16.0 14.6 0.0 0.0 3.0 2.8 
0.06 0.06 0.3 0.4 30 25 75 #72 40 #33 838 3.2 
0.09 0.09 2.0 1.6 1.0 1.0 12.0 10.0 3.0 25 686 5.5 
0.09 0.09 Pf 1.2 0.0 0.0 6.0 5.5 1.7 2.0 3.4 2.7 
0.11 0.11 2.0 18 12.606 0000.0 1.0 
0.12 0.12 3.2 ot 0.2 0.2 150 13.0 0.3 0.3 1.6 1.4 
0.11 0.11 1.2 1.2 1.0 0.7 ise 12.0 8.0 1a 0.8 0.8 
0.06 0.06 0.8 08 04 O4 #12 #212 #212 #21 «11 
0.09 0.09 0.8 0.8 0.6 0.8 5.8 5.7 1.8 | 1.5 1.4 
0.06 0.06 0.2 0.2 0.2 0.2 t.8 4.7 0.7 0.7 0.3 0.3 
0.10 0.09 1.0 10 22 122 118 14 13 *-1.040.4 *-1.0404 
0.10 0.10 12 1.2 4.8 4.4 4.0 ES 2.7 2.3 *-1.0+0.3 *—1.0+0.3 
t t t t 0.0 0.0 0.0 0.0 9.0 9.0 -1.2 -1.2 
0.10 0.10 12 1.0 0.0 0.0 74 760 #05 05 17 17. 
0.10 0.10 1.3 ti 0.3 0.3 9.4 9.2 0.0 0.0 iz 1.0 
0.10 0.10 0.4 0.4 1.0 1.0 3.6 3.0 0.0 0.0 0.5 0.5 
0.08 } 0.6 0.7 0.0 0.0 90 72 00 00 13. 12 
0.09 0.10 15 1.3 0.0 0.0 6.3 6.2 6.0 5.0 1.2 1.2 
0.07 0.07 0.8 0.8 0.0 0.0 3.6 3.0 13.0 11.2 -0.3 —0.3 
0.08 0.08 13 1.1 02 02 95 90 00 00 15 415 
0.10 0.10 1.5 1.2 0.6 0.0 6.2 7.0 1.0 0.8 1.8 1.8 
0.07 0.07 0.6 0.5 4.8 4.8 1.0 1.0 0.6 1.0 t t 
0.06 0.06 14 1.3 3.0 3.0 19.0 186 00 00 27 4420 
0.08 0.08 1.3 12 1.0 0.8 10.0 10.0 0.0 0.0 1.9 2.0 
0.08 0.08 *+0.8-0.7 *+0.7-0.7 0.0 0.0 2.3 2.2 14.0 13.7 -1.0 —1.0 
0.06 0.06 04 0.4 00 00 4.0 35 1.8 1324 £24 
0.09 0.09 1.3 be 0.2 0.2 11.0 10.0 4.0 3.3 5.2 52 
0.09 0.09 12 12 0.0 0.0 8.0 7.0 3.0 2.5 3.2 3.0 
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TABLE I.—COoN'r’D 
NAME AGE DIAGNOSIS RATE P-R QRS Q-T 
LEAD HINDLE VICTOR HINDLEI VICTOR HINDLEI VICTOR HINDLEI VICTOR 
1 76 G&S O15 0.15 0.09 0.09 0.32 
G.S. 22 Normal 2 67 67 0.14 0.14 0.10 0.10 0.34 0.35 
3 82 78 0.14 0.14 0.10 0.10 0.34 0.35 
77 72 0.16 O17 0.08 0.08 0.34 0.34 
J.L. 21 Normal 2 76 71 0.17 0.17 0.09 0.08 0.35 0.35 
3 72 70 0.16 0.16 0.08 0.08 0.35 0.35 
86 #77 «0.16 0.16 0.09 0.08 0.34 0.34 
L.R. 22 Normal = 81 45 0.15 0.16 0.08 0.08 0.36 0.34 
3 82 77 0.16 0.16 0.08 0.08 0.35 0.35 
1 72 69 O16 O17 0.08 0.08 0.36 0.36 
J.0. 31 Normal 2 68 64 0.15 0.15 0.08 0.08 0.38 0.38 
3. 63 62 0.15 0.15 0.09 0.09 0.38 0.37 
1 68 73 O14 013 0.09 0.09) 0.36 C.26 
D.G 27 Normal 2 78 73 O18 0.18 010 0.10 0.36 0.37 
3 71 78 0.18 0.18 0.11 0.10 0.36 0.35 
1 82 O12 40.12 0.09 0.09 
K.D. 65 Normal 2 82 87 0.12 0.12 0.08 0.08 0.34 380.34 
3 82 86 0.13 0.13 0.09 0.09 0.34 0.34 
86. 82 0.14 0.14 0.08 0.08 0.34 0.34. 
W.G 46 Normal 2 87 85 0.15 0.15 0.06 0.06 0.34 0.34 
3 88 86 0.14 0.14 0.08 0.08 0.31 0.31 


on approximately one-half the patients. All records were made with 
the patient supine, and no change in position was allowed during the 
shift from one electrocardiograph to the other. Skin resistance, as 
measured with the comparison circuit of the string galvanometer, was 
in no instance over two thousand ohms at the time of taking the trac- 
ing with this instrument, and in no record was there overshooting of 
the string. Particular attention was given in all instances to accuracy 
of standardization. Measurements were made with the aid of a read- 
ing glass, and the amplitude of all waves was checked by superimpos- 
the two records of each patient. In tracings showing variations in 
voltage of a wave the maximum amplitude of each wave was recorded. 
The results of the study are presented in Table I. 

No difficulty was experienced with overshooting of the base line in 
the standardization records of the amplifier-type instrument. <A typical 
standardization is shown in Fig. 1. The time relationships (P-I* 
QRS and Q-T intervals) of the records obtained with the two electro- 
cardiographs were practically identical throughout, and the amplifier 
tracings accurately duplicated all the finer details of waves recorded 
by the string galvanometer. In no instance did the amplifier records 
show overshooting of the terminal part of the QRS deflection with 
consequent distortion of the S-T interval and T-wave. Fig. 2 shows no 
overshooting of the QRS in a patient with waves of increased amplitude. 


ing 


Amplitude of Deflections—The measurements of height of the various 
waves showed small but distinet differences in the records obtained with 
In the majority of instances, however, the dif- 


the two instruments. 
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TABLE I.—CoNnT’pD 


= = = 
AMPLITUDE AMPLITUDI AMPLITUDE AMPLITUDE AMPLITUDE 


DURATION P P Q R s 1 
HINDLI VICTOR HINDLE VICTOR HINDLEI VICTOR HINDLE VICTOR HINDLI VICTOR HINDLE __VICTOR 
«0.009 «(0.8 0.3 0.0 0.0 5.2 5.0 1.0 0.8 2.0 2.0 
0.10 0.10 1.3 1.2 1.4 13 12.8 12.8 1.5 Lo (Sy 3.7 
0.09 0.09 1.2 1.0 1.4 13 106 10.0 1.6 10 22 2.9 
0.08 0.08 1.0 0.8 0.1 O01 100 82 25 21 36 384 ~~ 
0.09 0.09 1.6 1.3 3.0 2.6 20.8 18.2 0.0 0.0 5.0 4.6 
0.08 0.09 1.0 0.9 2.8 23 13.2 122 0.0 0.0 1.9 1.4 
0.08 0.08 0.9 0.8 1.0 0.7 9.0 7.2 1.0 10 2. 23 
0.09 0.09 1.3 1.0 0.3 0.3 9.0 8.2 1.3 10 3.4 3.4 
0.08 0.08 0.8 0.8 0.0 0.0 2.5 1.7 1.7 20 1.3 1.3 
0.09 0.10 1.2 0.9 0.0 0.0 6.7 5.7 8.0 7.0 2.7 2.2 
0.09 0.09 2.0 1.7 0.5 0.5 9.7 9.0 0.7 0.5 4.8 4.5 
0.09 0.09 -0.8 -0.8 2.2 2.0 13.8 13.2 0.0 0.0 2.7 2.2 
0.06 0.06 1.0 0.9 0.5 0.5 8.2 7.0 0.8 03 34 £27 
0.11 0.10 2.0 1.8 0.0 0.0 7.2 5.5 3.0 24 4.5 3.4 
0.08 0.08 1.6 1.4 0.0 0.0 1.3 1.1 2.2 2.0 1.2 1.2 
0.08 0.08 1.4 1.4 1.4 12 97 #92 °&0.0 0.0 02 0.3 
0.07 0.07 1.3 1.1 0.0 0.0 7.8 7.2 4.2 42 3.2 3.0 
0.08 0.08 *+0.4-0.7 *+0.4-0.7 0.0 0.0 +.0 bh 6.5 6.2 4.0 3.0 
0.08 0.08 1.0 1.0 0.0 0.0 118 118 05 O05 20 2.0 
0.09 0.09 1.3 1.2 0.0 0.0 9.2 8.0 0.2 0.2 3.0 2.8 
0.08 0.08 0.5 0.6 0.0 0.0 0.0 0.0 3.0 4.0 1.3 1.0 


| 


*D.phasic wave. 


ferences observed were of no practical significance. The P-waves in 
either two or three leads of the amplifier records of eighteen patients 
were slightly lower than in the string galvanometer tracings. The 
diminution in amplitude ranged from 0.1 to 0.5 mm. In over one- 
fourth of the leads the waves were of the same height, while in ap- 
proximately one-half there was a diminution of 0.1 or 0.2 mm. The 
P-wave in one lead of four amplifier records was slightly higher than 
in the corresponding string galvanometer tracings. A large majority 
of the Q-waves were of the same amplitude in the two types of electro- 
cardiograms, although with waves of rather large amplitude a diminu- 
tion in the amplifier records amounting to as much as 0.5 mm. was 
observed. In two leads of one record and in a single lead of three 
others the Q-wave in the amplifier tracing was 0.1 or 0.2 mm. higher 
than in the string galvanometer curves. Differences in height of the 
R-waves ranging from zero to 3.7 mm. were observed, two-thirds of 
the amplifier leads showing diminutions of less than 1.1 mm. In only 
one lead of a single record was the R-wave higher in the amplifier 
than in the string galvanometer tracing. The S-waves of the amplifier 
records showed a diminution in height ranging from zero to 2 mm., 
there being no difference in over one-third of the leads and differences 
of 0.1 to 0.5 mm. in another one-third. In four tracings the S-wave of 
the amplifier records was higher in one lead than in the string gal- 
vanometer curves, the difference amounting to 0.3 to 1 mm. The T- 
waves in the amplifier records showed diminished amplitude ranging 
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from zero to 1.1 mm. with nearly one-half of the tracings showing a 
difference of zero or 0.1 mm. In one lead of two reeords, the T-wave 
of the amplifier curve was 0.1 mm. higher than in the string galvanom- 
eter tracing. Throughout the measurements of amplitude it was ob- 


waves of increased amplitude. Note absence of overshooting of terminal part of the 
QRS complex and accurate duplication of notching of descending limb of the R-wave 
in Lead I. All waves of the amplifier record are of diminished amplitude, the differ- 
ence being most marked in the R-wave of Leads II and III. 


Fig. 2 String galvanometer and amplifier electrocardiograms of a patient with 


Fig. 3.—String galvanometer and amplifier electrocardiograms of low normal volt- 
age showing practically no difference in height of any wave in the two records. 


served that the differences in the two types of records tended to be 
greater in waves of higher voltage. Fig. 3 shows practically no differ- 
ence in height of any wave in the two records of a patient with com- 
plexes of low normal voltage; while in Fig. 2, with waves of increased 


amplitude, the amplifier deflections are diminished. 


| | 
ar 
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CONCLUSIONS 


The string galvanometer and amplifier-type electrocardiograms of 
twenty-five patients have been compared. 

The time relationships and the finer details of all waves were ae- 
curately recorded by the amplifier-type instrument. No difficulty was 
experienced with overshooting of the base line of the standardization 
record or with overshooting of the terminal part of the QRS deflection. 

With the exception of the Q-wave the deflections in the amplifier 
records were usually of slightly less amplitude than in the string 
galvanometer tracings. In all waves the difference in amplitude tended 
to be greater in complexes of higher voltage, but only occasionally did 
the difference assume a practically significant magnitude. No attempt 
was made to find a theoretical explanation for the differences observed. 

Sinee the curves obtained with the amplifier-type instrument were 
essentially the same as those recorded by the string galvanometer, 
except for the slight differences in amplitude, they may be considered 
satisfactory. 
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VEGETATIVE ENDOCARDITIS DUE TO THE BRUCELLA 
MELITENSIS* 


A Case Report 
CLARENCE E. pe LA M.D. 
New York, N. Y. 
INTRODUCTION 


ITHIN the past few years the medical literature of this country 

has been reporting increasing numbers of cases of undulant fever, 
more commonly designated as Malta fever. However, due to the low 
mortality rate of the disease in the United States, practically none of 
the reports include necropsy findings. This is in distinet contrast to 
European reports, particularly those from the Mediterranean coun- 
tries, where the malady is more prevalent and of greater virulence. 
Then, too, in most of the cases of undulant fever now being reported 
in this country, the causative agent is the Brucella melitensis, variety 
abortus, or even the Brucella abortus (Bang) itself. However, in the 
goat-raising districts of the southwestern part of the United States, 
Malta fever due to the true melitensis species is endemic. The first 
epidemic of the malady that has ever been recorded in the United 
States occurred in that section of the country in 1922.' Most of the 
European cases are due to the Brucella melitensis, variety melitensis A, 
the organism found in the present ease.” 

In Carpenter’s statistical report of 18 cases of undulant fever which 
occurred in New York State during the year ending June, 1927, 17 
showed evidence of Br. abortus infection, while the remaining ease, 
which incidentally is the present one, showed the Br. mellitensis A.* 
Evans, in a recent review of 20 cases of undulant fever reported in the 
United States, gave the abortus variety as the causative organism in 
all 20 instances.* In 1918 the same observer pointed out the very close 
biological and serological relationship between these organisms; in 
fact, so intimately are they related that they cannot be distinguished 
by ordinary laboratory tests. ° <A slight but definite distinetion be- 
tween the two varieties may be detected by the agglutinin absorption 
test. 

After a survey of the literature, we were unable to find recorded any 
fatal cases, with necropsy findings, of subacute bacterial endocarditis 
due to the Br. melitensis, variety melitensis A, in this country. In 

*From the Third (New York University) Medical Division and the Pathological 
Laboratories, Bellevue Hospital, New York City. Read (in abstract) before the New 


York Pathological Society, Jan. 10, 1929, and published in the Archives of Pathology, 
May, 1929. 
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1926 Moore and Carpenter reported a fatal case of subacute bacterial 
endocarditis due to the Br. abortus from the Second (Cornell) Medical 
Service of Bellevue Hospital which at necropsy showed a vegetative 
endocarditis implanted on an old deformed aortic valve. Recently 
Seott and Saphir reported a case of Br. melitensis, variety abortus, 
bacteremia associated with endocarditis. Ilowever, they stated that 
there was no proof in their case that the endocarditis was caused by 
the brucella infeetion.? They believed that their case was one of an 
acute and chronie endoearditis associated with Br. melitensis (abortus) 
bacteremia rather than one of endocarditis caused by the brucella 
itself. 
In view of these facts, it seems justifiable to place on record the 
following ease which was observed clinically and which came to necropsy. 


REPORT OF CASE 


T. G., a white male 38 years old, born in Italy, and a laborer by occupation, 
was admitted to Bellevue Hospital, Third (New York University) Medical Service, 
on December 8, 1926, complaining of fever. 

Previous history—His family history was irrelevant. The patient served in the 
Italian army during the World War, during which time he received typhoid inocu- 
lations. He did not recall having had any childhood diseases. In 1916 he had 
malaria. In 1917 swollen glands of the neck were removed. While in Italy in 
Mareh, 1926, one month before he came to the United States, the patient drank 
goat’s milk. 

Present illness—In May, 1926, one month after arrival in this country, the 
patient was admitted to a hospital in New York City where a diagnosis of influenzal 
pneumonia was made. This diagnosis was later changed to typhoid fever after a 
positive Widal test was obtained. During his stay in this hospital he had a per- 
sistent temperature, an enlarged liver, a palpable spleen, and a systolie murmur 
was heard at the apex. He left the hospital early in September, 1926, against the 
advice of the physicians and went to the country. After feeling well for about 
three weeks, the patient began to have daily attacks characterized by chills lasting 
about twenty minutes, fever of from one to five hours duration, which was accom- 
panied by profuse perspiration, and severe headaches. Concomitantly with these 
symptoms he experienced a sharp, more or less continuous pain across the small of 
the back which radiated around both upper quadrants of the abdomen. Somewhat 
later the patient developed a similar pain in the left buttock, and the heel of the 
left foot. Three weeks prior to admission to Bellevue Hospital, or about the middle 
of November, the small toe of the right foot became very painful, and he noticed 
that it was turning black. 

Physical examination.—On admission the patient appeared chronically ill and 
seemed to have lost weight. He was slightly dyspneie but not orthopneic, and had 
im anxious expression on his face. His skin had a slight café au lait tint. The 
pupils reacted to light and accommodation. The conjunectivae were slightly bluish. 
The fundi oeuli were normal. Many bad teeth were present. Several petechiae 
were seen on the under surface of the tongue. There was readily visible a purpuric 
rash over both lower extremities, most marked above the ankles. The small toe of 
his right foot was reddened, with some blackish discoloration, swollen, and extremely 
tender to touch. Petechiae were present on the fourth toe, one being present as a 
splintering hemorrhage under the toenail. This toe was also extremely tender. 
Both feet were slightly edematous. His fingers presented a definite clubbing. 


734 THE AMERICAN HEART JOURNAL 


The veins of the neck were not dilated, but the carotid pulsations were some 
what exaggerated. A purpuric rash was visible on the anterior aspect of the chest 
wall. No substernal tenderness was elicited. There was an area of dullness at the 
left base with diminished fremitus, bronchovesicular breathing, increased voice 
sounds, and many moist rales. Infaretion at the left lower lobe was considered. 
The apical beat of the heart was visible in the fourth space 9.5 em. to the left of 
the median line which was just outside the mideclavicular line. The first sound 
was of poor muscular quality. The pulmonic second sound was accentuated. There 
was present a distant, musical, systolic murmur, heard with maximum intensity at 
the apex and transmitted to the left. Another systolic murmur was heard at the 
aortic area. The rhythm was regular. The rate was 96. The systolic blood pres 
sure was 90 mm.; diastolic 60 mm, The temperature was 101 degrees F. The 
spleen was palp:ble two fingers beneath the costal margin, with a firm, hard edge 
but not tender. The liver was palpable 10.5 em. below the xiphoid and tender. No 
ascites was present. 

Course.—During the patient’s stay of approximately three weeks in the hospital, 
his temperature was irregular, not of the undulant type from which the disease 
received its name, and ranged from 99 to 104 degrees F. His pulse rate ranged 
between 80 and 120. Normal sinus rhythm prevailed throughout his illness. 

Several days after admission, a tender, purplish-red spot was observed on the 
tip of the fourth finger of the right hand at the edge of the nail. This was in- 
terpreted as being an Osler’s node. A week later this had disappeared, as had 
also the one on the fourth toe of the right foot. Some eecchymoses of the small toe 
of this foot were still visible, but the tenderness had disappeared. 

X-ray examination of the chest on Dee. 13, five days after admission, revealed 
congestion at the right base adjacent to the heart, which organ was enlarged to 
right and left. On Dee. 29, three weeks after admission, the patient complained of 
pain in his right thigh anteriorly. Tenderness was not marked over this area, but 
the femoral pulse in this leg was searcely palpable. Early in the morning of Dee. 
31 the patient suddenly cried out with pain in his groins. This subsided by four 
o’clock under the effect of morphia. At 5 A.M. he complained of severe pain in the 
lower abdomen. His skin became cold and clammy. Death took place one hour 
later. 

The clinical diagnosis was as follows: I. Malta fever (undulant fever); II 
“ardiae disease; (a) bacterial, active, Br. melitensis A., (b) endocarditis, subacute, 
(ec) regular sinus rhythm, (d) class 3. 

Laboratory Data.—On admission the patient had 3,930,000 red blood cells with 
48 per cent hemoglobin; the white blood cells numbered 3,350 with 69 per cent 
polymorphonuclear neutrophiles and 26 per cent lymphocytes. Twelve days late1 
the count was 2,600,000 red cells with 55 per cent hemoglobin and 1,800 white cells 
with 66 per cent polymorphonuclears and 34 per cent lymphocytes. A few days 
before death the cell counts were about the same as the second one. The Wasser 
mann was negative. The first urine examination revealed the following: dark amber, 
specific gravity 1016, acid reaction, one plus albumin, no glucose, many finely gran- 
ular casts, moderate amount of pus and epithelial cells. An analysis two weeks 
later gave a similar result; close scrutiny failed to reveal the presence of red blood 
cells. The Mosenthal test showed fixation in the higher dilutions. The red test 
was 20 per cent in the first hour and 25 per cent in the second. Vital capacity 
readings averaged 1500 ¢.c. on four occasions. Electrocardiographic tracings were 
normal, 

A blood eulture taken the day following admission presented a growth of colonies 
four days later. The organism was identified as a very small gram-negative, non- 
motile, bacterium, so small that its outline could not be clearly defined. This same 


organism was obtained a week later after five days of incubation, but the colonies 
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were much less numerous. These cultures, as well as serum obtained during life, 
were forwarded to Dr. Charles M. Carpenter of the Diagnostic Laboratory of the 
N. Y. State Veterinary College to whom we are greatly indebted for his very care- 
ful and detailed study. Dr. Carpenter reported the causative organism as being a 
true type of Brucella melitensis A. 

Necropsy Report—The body was that of an adult male, 165 em. in length, of 
slender, well-developed frame, fairly good musculature and nutrition. The fingers 
were distinctly clubbed. The skin presented a tint distinctly comparable to that of 
café au lait. There were no petechial hemorrhages to be made out in the visible 
mucous membranes or in the skin, with the exception of the skin covering the 
under surface of the little toe of the right foot, where there were several brownish 
or reddish-brown, streak-like patches. In addition, there was a single splinter 
hemorrhage beneath the nail of the little toe and of the toe immediately next to it. 


Fig. 1.—The two anterior aortic cusps are practically completely destroyed and re- 
placed by a massive, friable vegetation. At about the center of the posterior cusp 
may be seen the remains of the small vegetation which broke off during necropsy. 


On section, the subcutaneous fat and muscle tissues were well preserved and 
the peritoneum was smooth and glistening. The diaphragm was normally placed. 
The liver was distinctly enlarged, the lower edge reaching almost to the level of 
the umbilicus. The lower pole of the spleen projected beneath the costal slope on 
the left side for a distance of about 2 em. Beneath the peritoneum in the right 
and lower portion of the abdomen was an enormous amount of bluish-red, appar- 
ently freshly clotted blood. The blood, on dissection, was found to oceupy a space 
which could just about be covered by a large hand, extending from the right side 
of the lumbar spine outward and upward beneath the peritoneum to a_ point 
almost reaching the midline of the body anteriorly, and upward almost to the level 
of the lower border of the pancreas, and downward just to the level of the brim 
of the pelvis. The clot, on removal, weighed approximately 450 grams. Examina- 
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tion of the psoas magnus muscle failed to reveal any point of rupture and on see- 
tion the muscle was not infiltrated by hemorrhage. At the same time, carefyl 
dissection of the mass, after removal, failed to show any sign of miliary aneurysm 
or any other anatomical cause for rupture, , 

Chest.—No thymic remains were visible. Both pleural cavities were fairly ex- 
tensively obliterated by sheet-like adhesions which were broken down without ereat 
difficulty. The precordial area was large and the heart appeared to be floating. 
On opening the pericardium, fully 500 e¢.c. of perfectly clear straw-colored fluid 
escaped. The pericardium throughout was smooth and glistening. 

Heart.—The heart appeared to be about normal in size. It weighed 345 om. 
Both auriculoventricular openings were easily permeable, and the endocardium was 
excellently well preserved throughout, except for the two anterior aortic valves; 
these were practically completely destroyed and replaced by a solitary whitish or 
faintly cream-colored, granular mass of fused vegetations, irregularly round in 
shape, rather soft and friable, and approximating the size of one’s thumb (Fig. 1). 


Fig. 2.—The two anterior aortic cusps are practically completely destroyed and re- 
placed by a massive, friable vegetation. At about the center of the posterior cusp 
may be seen the remains of the small vegetation which broke off during the necropsy. 
(Part of heart shown in Fig. 1, showing details.) 


The mass served apparently to completely block the aortic orifice. The posterior 
aortic valve was distinetly thickened, white in color and glistening, and on the 
ventricular surface, at about its center, presented a pea-sized vegetation which was 
of the same general appearance as that already described. This vegetation, how- 
ever, was loosely attached and fell away apparently of its own weight. The heart 
musele was pinkish in color, opaque, but otherwise apparently well preserved. The 
aorta was excellently well preserved. 

Lungs.—The left lung, except for the adhesions mentioned above, a moderate 
amount of anthracosis, and some edema of the upper lobe, was apparently normal. 
The right lune was essentially the same as the left. 

Spleen. —The spleen was massive, weighing 1035 gm., and measured 20 x 14 x 5 
em. It was bound to the under surface of the diaphragm and to the peritoneum 
externally by fibrous adhesions which in places were string-like, in other places 
sheet-like, but all of them were broken down without great difficulty. On removal, 
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the spleen presented a bluish-red appearance, and at the extreme upper pole were 
two wedge-shaped, cream-colored bodies, which lay apparently flush with the sur- 
face, were firm in consistency and, on sectic , extended downward for a distance 
of about 2 em., presenting a perfectly smooth, yellowish surface and a distinctly 
reddish periphery. On the outer surface of the spleen, at about its center, was a 
somewhat rounded body which was about one centimeter in length on the surface, 
and which, on section, presented essentially the same naked eye changes as the 
infarctions at the upper pole. The splenic substance was diffusely bluish-red in 
color, somewhat opaque, rather more friable than in ordinary circumstances, and 
presented, scattered over the cut surface, moderate numbers of minute whitish 
specks, suggesting focal necroses or abscesses. 

Kidneys.—The left kidney measured 15 x 7 x 3.5 em. It was imbedded in a 
moderate amount of fat. The organ was distinctly enlarged, as indicated by its 
measurements; it cut without difficulty. The capsule stripped with ease and left 
behind an extensively and finely speckled surface. The speckling was due to the 
presence of numerous red points, between which the kidney substance showed as 
cream-colored islands, with here and there a pinpoint sized, sharply circumscribed, 
yellowish speck, corresponding apparently to miliary abscesses, The cortex bulged 
somewhat on section, and its markings were irregular. Scattered through the 
cortex were innumerable pinpoint sized red specks and moderate numbers of whitish 
or yellowish points, corresponding again, apparently, to abscesses. The right 
kidney measured 13 x 7 x 3.5 em. and presented essentially the same naked-eye 
appearance as its fellow on the opposite side. The kidneys together weighed 
530 gm. 

Liver.—The liver was enormous, measuring 31 x 22 x 8 em. and on removal 
weighed 2850 gm. Its surface was perfectly smooth, the capsule glistening. On 
section, the organ cut readily. The cut surface presented a pinkish background, 
scattered through which were numerous dull red specks, giving the organ as a 
whole a somewhat nutmeg appearance. Otherwise no focal lesions were visible in 
it. The substance was rather opaque, however, and a bit more friable than usual. 

Lymph nodes.—Seattered throughout the retroperitoneal fat were moderate num- 
bers of lymph nodes which varied in size from a few millimeters up to one centi- 
meter. They appeared swollen and edematous, and presented a pinkish, opaque 
appearance. Some of them were finely speckled and occasionally one saw a minute 
white point, suggesting miliary abscesses, 

The other organs were apparently normal on naked eye examination. 

Anatomical Diagnosis.—1. Massive vegetative and ulcerative endocarditis of the 
aortic valves. 2. Massive septic splenomegaly with multiple anemie infarctions. 
3. Subacute hemorrhagic nephritis. 4. Chronic parenchymatous degeneration of the 
liver. 5. Massive subperitoneal hemorrhage in right half of abdomen of unknown 
origin. 6. Subungual petechial hemorrhages in small toe and fourth toe of right 
foot. 7. Subeuticular hemorrhagic extravasations beneath the under surface of 
the right small toe. 

Microscopic Examination.—Sections of the myocardium taken from various parts 
of both ventricles, presented slight lymphatic infiltration, consisting mainly of 
large and small round cells; no polymorphonuclear neutrophiles were seen. Moder- 
ate cloudy swelling and granular degeneration of the muscle fibers were also visible. 
A section through the large vegetation involving the right anterior aortic cusp 
showed a more or less homogeneous mass of granular and hyalinized material, 
fringed hy a ragged edge from which pieces had apparently broken off. The base 
of the vegetation was directly continuous with the remains of the cusp, at which 
point organization had taken place. Gram-Weigert stain revealed no organisms in 
this massive vegetation. 
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The glomeruli of the kidneys showed beginning atrophy and infrequent hyaliniza- 
tion. Around some of them, within Bowman’s capsule, were infiltrations of red 
blood cells and in many others infiltrations of small round cells around the cap- 
sules. A few presented moderately thickened Bowman’s capsules. The tubules 
presented marked cloudy swelling and granular degeneration of the epithelium, 
An extravasation of red blood cells was visible in many of them. The arterial 
vessels were sclerotic and engorged. 

Anthracosis and moderate congestion was seen in the lung sections. 

The liver sections showed a marked degeneration around the central veins with 
pigment deposits; scattered islands of fat globules and a diffuse round cell infil- 
tration were also visible. 

Sections of the spleen presented marked congestion, scattered foci of necrosis, 


and a small area of anemic infarction. 


COMMENT 


The patient undoubtedly became infected in Italy by drinking goat’s 
milk shortly before coming to the United States. The onset of his 
symptoms occurred about one month after his arrival, at which time 
he was admitted to a hospital where a diagnosis of influenzal pneu- 
monia, which later was changed to typhoid fever, was made. In so 
far as both influenza and typhoid fever are two of a number of diseases 
which closely simulate undulant (Malta) fever, and because of the 
history of typhoid inoculations in the Italian army which might readily 
give a positive Widal reaction, the probability is that the fatal illness 
already manifested itself at that time. 

The duration of the malady in this instance was, therefore, of about 
nine months simulating the subacute course of Streptococcus viridans 
endocarditis. Embolic phenomena as manifested by the petechiae and 
Osler’s nodes, were obvious. The clubbing of the fingers, the enlarged 
spleen, and the café au lait tint of the skin completed the picture of a 
subacute bacterial endocarditis. Whether the endocardial lesion was 
the main seat of the disease might perhaps be questioned. However, it 
was the essential pathological lesion and undoubtedly caused by the 
Brucella melitensis. 

The massive subperitoneal hemorrhage in the right half of the ab- 
domen remains unexplained. The possibility of an embolic or mycotie 
aneurysm of a small peritoneal blood vessel which ruptured might be 
entertained, particularly in the presence of a large friable vegetation 
in the left side of the heart. 

SUMMARY 

A ease of undulant (Malta) fever due to the Brucella melitensis, 
variety melitensis A, associated with a vegetative and ulcerative endo- 
carditis of the aortic valves, and which clinically presented the mani- 
festations of subacute bacterial (infective) endocarditis, is reported. 


NotTe.—The necropsy was performed by Dr. Douglas Symmers, Director of Lab- 


oratories, to whom grateful acknowledgment is made fer the courtesies extended. 


. Evans, A.: 
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Selected Abstracts 


Perla, David, and Deutch, Max: Thg Intimal Lesion of the Aorta in Rheumatic 
Infections. Am. J. Path. 5: 45, 1929. 


Two instances of macroscopic involvement of the arota in recurrent rheumatie 
fever are described. A striking feature is the presence in one of the cases of an 
acute fibrinous lesion of the intima. The characteristics of the lesion are Aschoff 
bodies in the adventitia, perivascular infiltrations in the outer third of the media 
with destruction of elastic tissue and muscle elemeuts, and recent and organized 
fibrinous plaques in the intima, the connective tissue cells comprising the vascular 
organization tissue having a characteristic vertical orientation at the base of the 
intimal lesions. 

The authors believe that three groups of lesions may be distinguished in the 
aorta as the result of rheumatic fever. First, involvement of the adventitia tissues 
alone with perivascular infiltration and formation of Aschoff bodies. Second, in- 
volvement of the adventitia and the media. Third, involvement of all three layers 


of the arota in either an acute or chronie process. 


Taussig, Helen B.: A Case of Bundle-Branch Block Confirmed ty Pathological 
Study. Bull. Johns Hopkins Hosp. 45: 40, 1929. 


A ease is reported in which there was a long-standing chronic rheumatic infection 
with severe myocardial damage. The first definite evidence of left bundle-branch 
block occurred only a few days before death. 

The author has found in the literature reports of only eleven cases of complete 
bundle-branch block and one case of transient bundle-branch block that have been 
followed up by careful pathological study. Histological examination of the heart 
after preservation in formalin in the present case showed extensive scarring of the 
left branch of the His bundle and a very slight actual break in the continuity of 
the bundle. The bundle-branch block probably developed as one of the late mani- 
festations of a long-standing cardiac disease. The pathological findings were in 


apparent accord with the clinical observations. 


McIntosh, Rustin: The Determination of the Circulating Blood Volume in Infants 
by the Carbon Monoxide Method. J. Clin. Investigation 7: 203, 1929. 


™ The technic is described for the determination in infants of the circulating blood 
volume by the carbon monoxide method based on the successful use of this method 
in tests on adults. In comparison with the dye method, the carbon monoxide method 
gave sults which were more uniform and showed a fair conformity with body 
weight. 

In a small series of determinations of blood volume in patients less than two 
years of age, the correlation of blood volume, body weight to surface area and to 
body length suggested a normal interrelationship of these measurements. As an 
estimate of the circulating blood volume in infants exclusive of the newborn group, 
the formula 

Blood Volume in ¢.c. = (Body Weight in Kg.) x (77 + 13) 
may be expected to give the correct figure in more than half the cases, 
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Lloyd, W. D. M.: Action of Calcium on the Isolated Human Fetal Heart. J. 
Pharmacol. & Exper. Therap. 36: 185, 1929. 


The author has studied the action of caleium on two isolated human fetal hearts 
in perfusion experiments. As a result of addition of calcium salts to the perfusate, 
it was possible to show that there followed an increased strength of systole, a more 
regular rhythm, and better coordination between auricle and ventricle. At the end 
of one and one-half hours of perfusion all heart action finally ceased in systole of 


the ventricle. 


Moon, R. O.: Some Observations on Diseases of the Myocardium. Brit. M. J., 
July 6, 1929, p. 1. 


In this broad discussion of diseases of the myocardium the author presents the 
conventional views held on this subject. He divides the common types of myocardial 
disease into those due to fatty infiltration, fatty degeneration, fibroid heart muscle 
changes, and coronary obstruction. He discusses the diagnoses of patients with 
latent myocardial disease as well as those cases showing cardiac insufficiency. He 
indicates in series several points in the establishment of such a diagnosis. Under 


treatment the effect of climate, diet, and exercise are discussed. 


McMillan, Thomas M., and Wolferth, Charles C.: An Untoward Effect of Barium 
Chloride in Producing Short Runs of Aberrant Ventricular Beats. J. Lab. & 
Clin. Med. 14: 839, 1929. 


A ease is reported in which during six years of observation the patient had 
four attacks of compiete A-V heart-block lasting for varying lengths of time up to 
two months. During the third attack barium chloride may have been a factor 
in restoring the sinus rhythm and preventing the onset of complete block again for 
eight months. During the fourth attack of complete block which lasted four months 
and ended in death, barium chloride failed to increase the effective ventricular rate 
in doses of 20 mg. four times a day and for four days. This dosage of the drug 
brought on a marked extrasystolie disturbance with frequent short runs of rapid 
ventricular tachyeardia. 

The disturbance is reported because the authors regard it as potentially serious 
and an untoward result of barium chloride and because the drug previously has been 
regarded as harmless in much larger doses than was required to bring about the 
disturbance in this case. 


Master, Arthur M., and Oppenheimer, Enid Tribe: Obesity. J. A. M. A. 92: 1652, 
1929. 


The authors have studied a series of 91 females and 8 males from an obesity 
clinic. The patients varied in age from ten to fifty-eight years, the greatest number 
being between thirty-five and fifty. The great majority did not have any ailments 
other than obesity. Blood pressures and pulse rates were studied at each visit, and in 
order to test the functional capacity of the circulatory system, a simple exercise 
tolerance test was also used. 

The authors have noted that the obese person usually complains of dyspnea, 
fatigue, palpitation, dizziness, and headache. Sixty-seven per cent of the cases 
showed hypertension, and accelerated pulse rate was commonly present. In general, 
the more the overweight the greater the hypertension. With loss of weight the 
symptoms tend to disappear, and there is a corresponding fall in blood pressure 
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and pulse rate. With advancing years the blood pressure of obese patients increases, 
Apparently the longer the duration of the obese condition the higher the blood 
pressure. 

Under thirty-three years of age the obese are somewhat more efficient than the 
average, suggesting that a moderate overweight in the young is a slight advantage. 

The roentgenogram showed a sthenie or hypersthenic chest elevation of the dia- 
phragm and an enlarged, widened heart with a hypertrophied ventricle and a hazy 
lower left border obscured by apical pericardial fat. With reduction in weight these 
characteristic signs disappear. 

The electrocardiogram showed in 87 per cent a left ventricular preponderance. 
There was also noted a change in the P- and T-waves of the third lead. Sinus 
arrhythmia was common in this group of cases, occurring almost as frequently as 
ventricular preponderance. 

The authors believe that it is clear from these studies that there exists in the 
obese person a distinct circulatory embarrassment, as proved by the abnormalities 
of the blood pressure, pulse rate, roentgenogram and electrocardiogram, and by the 
diminished capacity for work. It is not difficult to understand why the fat person 
is a poor surgical risk and why his mortality in pneumonia, nephritis, and heart 
disease is higher than the average. These factors give ample explanation for the 
distinct improvement commonly observed on reduction in weight in patients with 
valvular disease of the heart, hypertension, and coronary artery disease. 


Bachmann, Harrold A.: Clinical Types of Edema in the Heart Failure of Child- 
hood. Arch. Int. Med. 43: 795, 1929. 


The author distinguishes two types of edema in children with eardiae disease. 
The first type is the commonly recognized dependent type involving the dependent 
portions of the body almost exclusively. It appears more prominently in the lower 
extremities, about the sacrum, and occasionally in other portions of the body. With 
this type of edema there is usually found ascites, marked enlargement of the liver, 
and other evidence of cardiac failure. As a rule, these children not only suffer 
from their discomfort and cardiac embarrassment but are also acutely ill and fre- 
quently toxic. 

The second type of edema is generalized and corresponds to that seen in nephritis. 
It appears first in the face and later becomes equally prominent in all portions 
of the body. In degree it is never so overwhelming as that seen in nephrosis, but 
it has the same generalized distribution regardless of the position of the patient. 
Otherwise, the clinical picture is that of a patient with heart failure, though the 
heart failure is seldom so severe as that found in the previous type, nor is the patient 
ever so acutely ill. He appears more as a convalescent patient who has outlived 
an acute infection and presents the usually associated pallor and poor nutrition. 

Response to treatment has shown a certain specificity which is of clinical value. 
In the dependent type of edema digitalis is of value while the addition of the milder 
diuretics aids little in hastening reabsorption and elimination. In the generalized 
type of edema, theobromine sodiosalicylate acts almost as a specific and usually with- 
out the aid of digitalis. 

The type of lesion of the heart seems to influence little the kind of edema pro- 
duced. It appears, however, that in the children whose history of heart failure is of 
recent date and whose hearts are, perhaps, still acutely infected, the edema asso- 
ciated with failure is more likely to be generalized. Dependent edema occurs almost 
exclusively in the patients with more chronic heart disease. 


The prognosis of the patient with generalized edema is good, at least as to the 
immediate future, while that of the patient with the dependent type of edema is 
relatively bad. 
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Herxheimer, H.: Study of Heart Size in Olympic Athletes. Klin. Wehnschr. 8: 

402, 1929. 

In an x-ray of the heart size of Olympie participators the author comes to 
the conclusion that the endurance sports, such as long distance running, bicycling, 
and skiing, all cause a definite heart enlargement in proportion to the body weight 
of the individual. 


Danielopolu, D.: Control of an Attack of Angina Pectoris by Pressure Upon 
Carotid Sinus. Klin. Wehnschr. 8: 596, 1929. 


The author cites a case in which pressure upon the carotid sinus brought to an 
end an attack of angina pectoris. He believes that angina pectoris is precipitated 
by a pressor reflex, originating from ‘‘reflexogenic zones’’ in the heart, aorta, or 
carotid sinus and ending over the sympathetic pathway. By pressure upon the 
carotid sinus, it is possible that the same reflexogenic zone may originate a de- 
pressor reflex, ending over the parasympathetic pathway and thus bringing to an end 
the anginal attack. 


Winternitz, M., and Selye, H.: A Case of Sinus Bradycardia Due to Arterial 
Thrombosis. Wien. Arch. f. inn. Med. 16: 377, 1929. 


In a patient sixty-two years of age, with generalized atherosclerosis and uremia, 
a terminal bradyeardia (43-47 beats per minute) occurred. Serial sections of the 
heart revealed an old obliterating thrombus in the artery supplying the sino-auricular 


node. 


MacMahon, H. E., and Burkhardt, E. A.: Meningococcus Endocarditis. Am. J. 
Path. 5: 197, 1929. 


A case of meningococcus endocarditis is reported with autopsy and bacteriological 
findings. The patient was a white woman, twenty-eight years old. The authors 
point out that it is important to remember that endocarditis can be caused by the 
meningococcus without any meningeal involvement and that such cases have been 
diagnosed as acute rheumatie fever with endocarditis or subacute bacterial endo- 
carditis. They point out that the vegetations on the valve are rather typical, being 
large, firm, localized, and fungating with little tendency to discharge minute emboli. 
They believe that these organisms should be agel- nated and in some cases 
agglutinin absorption tests were performed in oraer properly to identify the 
meningococci. The literature pertaining to this subject is reviewed. 


Hyland, C. M.: Meningococcus Endocarditis. J. A. M. A. 92: 1412, 1929. 


The meningococcus may be responsible for extrameningeal lesions and that these 
lesions need not necessarily be associated with infection of the meninges has been 
known for some years. The author reports the case of a man, aged forty-six, ad- 
mitted to the hospital with shortness of breath, excessive perspiration, and cough. 
There was fever, signs of heart disease, leucocytosis, and positive blood cultures 
showing meningococci. The patient died twelve hours after admission. Vegetations 
were found on the aortic valve at autopsy. 


Gold, Harry, and DeGraff, Arthur C.: Studies on Digitalis in Ambulatory Cardiac 
Patients. J. A. M. A. 92: 1421, 1929. 
It is shown in a study of patients that the therapeutic effects of digitalis may 
be induced in many eases by the daily repetition of such doses of the drug as the 
patient may eliminate daily after having been fully digitalized. 
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There has been included in this study also a note as to the behavior of digitalis 
in children as compared with adults. The authors have noted that the drug is less 
often seen to produce striking improvement in children because the type of heart 
failure relieved most effectively by digitalis is relatively common in heart disease 
among adults but relatively rare in children. In those cases in which less definite 
therapeutic effects are obtained, insufficient or excessive digitalization is more apt 
to occur because of the absence of a satisfactory guide to the intensity of digitalis 
action. 


Cahan, Jacob M.: The Incidence of Heart Disease in School Children: J. A. M. A. 
92: 1576, 1929. 


This report is based on the examination of 10,333 pupils in seven elementary 
schools, two junior high schools, and one senior high school for boys of Philadelphia. 
The purpose of the survey was to investigate the incidence, the morbidity, and the 
prophylaxis of organic heart disease in the children of these public schools. The 
total enrollment in the school was 11,578. Nine hundred and forty-three children 
who showed definite or suspicious signs of organic heart disease were reexamined. — 
At this time the child’s cardiac history was obtained. Fifty-eight were studied in 
the hospital or eardiae clinic. The number of patients with heart disease was 94, 
or 0.91 per cent; of this number 51 were boys, 43, girls. 

The younger children had a slightly lower incidence of heart disease than the 
older pupils. Valvular disease, mitral stenosis, was the most frequent lesion found. 
This anatomic diagnosis was made in 53 of the 94 children with heart disease. 
Fourteen of these 53 showed signs of mitral stenosis and mitral insufficiency. 

Consideration was given to three additional factors bearing on the prevalence 
of heart disease in school children; namely, (1) children with grave heart lesions 
unable to attend school; (2) children with crippled hearts attending special classes, 

.and (3) children with definite or suspicious heart lesions that are being overlooked 
because of the inadequate routine examination of the clothed chest. 


Rentschler, Edwin B., Vanzant, Francis R., and Rowntree, Leonard G.: Arthritic 
Pain in Relation to Changes in Weather. J. A. M. A. 92: 1995, 1929. 


This study was undertaken not to prove the relationship of arthritic pain to 
weather change but to determine whether or not such a relationship actually exists. 
In a group of 367 patients studied for a year, there was a positive relationship for 
72 per cent of the time between the curve of pain and that of barometric pressure. 
For 21 per cent of the time the relation was equally definite, but as one line went 


up the other went down. In only 7 
demonstrable, 


per cent of the time was a relationship un- 


For more than 90 per cent of the time there was a relation between the presence 
of storms and an increase of pain. Observations on humidity, temperature, and 
atmospheric electricity were inconclusive, although it is still possible that these 
agents working together have some effect. 

The authors believe that many of the patients with arthritis can, with the in- 
crease of the severity of their pain, sense the approach or presence of storms. While 
this study has been confined to a group of patients with chronic arthritis, it is 
of importance in the study of climatie conditions in their relationship to rheumatism 
in general, 


Yater, Wallace M.: Pathologic Changes in Auricular Fibrillation and in Allied 
Arrhythmias. Arch. Int. Med., 43: SOS, 1929. 


A series of 145 eases of auricular fibrillation, 7 cases of auricular fiutter, and 2 


cases of paroxysmal tachyeardia—all with necropsies—were studied from the stand- 
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point of etiology and pathology. All the usual types of heart disease were found, 
but cases of endocarditis and hyperthyroid states were the most numerous. Hyper- 
tension was found to be a common condition, but the occurrence of auricular fibrilla- 
tion in other types of heart disease was uncommon. In about 8 per cent of the 
eases of auricular fibrillation, there was a combination of possible etiological factors 
and in about 9 per cent an etiological factor could not be suggested. 

Twenty-nine hearts which had been the seat of these arrhythmias were studied 
microscopically. A distinctive lesion for the arrhythmia was not found and the 
lesions were not considered in themselves of sufficient importance to account for the 
arrhythmia. There apparently is not, therefore, a specific histological syndrome in 
auricular fibrillation and probably none in auricular flutter and paroxysmal tachy 


eardia. 


Rosenbluth, E., and Winterberg, H.: Blocking in a Case of Paroxysmal Supra- 
ventricular Extrasystoles. Wien. Arch. f. inn. Med. 16: 333, 1929. 


In a case of paroxysmal attacks of extrasystoles of supraventricular origin, the 
authors believe in accordance with Kaufmann’s parasystolic theory, that the extra- 
systoles are due to the rhythmie activity of a center adjoining the sino-auricular 
node. Under ordinary conditions, the sinus exerts a blocking influence over this 
secondary center but when the excitability of the ectopic center becomes high enough, 
the extrasystolic mechanism comes into play. A case is reported with electro- 


cardiographic findings. 


Scherf, D., and Zdansky, E.: Influence of Atropine, Adrenalin and Amy] Nitrite 
on the Size of the Heart. Wien. Arch. f. inn. Med. 16: 399, 1929. 


The authors make use of a device called a roentgenkymograph to study the right 
and left heart borders in systole and diastole. This apparatus consists of an x-ray 
film which slides on two lead plates leaving slits which are placed over the heart 
borders after fluoroscopy. 

By means of tracings thus made, they were able to determine that atropine, 
adrenalin, and amyl nitrite all caused a diminution in the systolic and diastolic 
diameters, the diminution being in proportion to the increase in pulse rate. The 
diminution of the heart size with adrenalin is explained by a predominating 
inotropic action which exceeds the tendency of the increased blood pressure to cause 
cardiac dilatation. 


Redisch, W., and Rosler, H.: Studies of Capillaries in Congenital Heart Disease. 
Wien. Arch. f. inn. Med. 16: 463, 1929. 


The authors believe that the cyanosis in congenital heart disease is due, not only 
to the polyeythemi, and abnormally large amount of reduced hemoglobin but also to 
the peculiar capillary structure, consisting of numerous arched and winding loops 
with wide venous limbs. The sluggishness of the capillary stream is a marked 
feature. 


Hurwitz, Samuel H., and Levitin, Joseph: The Value of Phenylhydrazine in 
the Treatment of Polycythemia Vera. Am. J. M. Se. 177: 309, 1929. 


The purpose of this report is to record the clinical course of the patient 
With polycythemia vera treated with phenylhydrazine and to emphasize the 
value and dangers of this drug as well as the importance of certain criteria for 
the control of its dosage. 
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The patient was a woman 42 years old and under observation for two years. 
Splenomegaly was very slight if present at all. Hematuria was present and 
had caused her to be treated for Bright’s disease. There was a transient palsy 
of the right arm. This may have been caused by a vascular lesion of the brain 
due to the formation of a small thrombosis. These patients show a great ten- 
deney to venous thrombosis. 

Phenylhydrazine hydrochloride produced definite clinical improvement in the 
patient. The authors concluded that the drug is worthy of being given a trial 
if the dangers of its use be kept in mind. Guided by frequent counts of the 
red and white blood corpuscles and by estimations of the serum bilirubin, one 
may give phenylhydrazine without danger to the patient. It is wise to stop 
its administration before the red blood count reaches a normal level because its 
action continues after its withdrawal. The hemolytic crisis observed in these 
patients may be avoided if additional safeguards be used. Because of the great 
difference in the response of patients to varying amounts of the drug, quantita- 
tive determinations of the serum bilirubin and frequent leucocyte counts should 
be made. A marked rise in the amount of serum bilirubin means excessive blood 
destruction, whereas a rising leucocyte count probably indicates great destrue- 
tion of liver cells. 

Finally, it may be stated that the use of phenylhydrazine is no exception to 
the general observation that the various measures used in the treatment of 
polyeythemia vera are transitory and that the effect produced is purely palliative. 
General experience seems to show that no matter what therapeutic measure 
is adopted there is a tendency for the red blood cell count to rise and for the 


subjective symptoms to return. 
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Vitamin D 


NOW available for the prevention and 
treatment of Rickets 


MEAD’S ACTEROL is a solution of activated ergosterol 
standardized to a vitamin D potency 100 times the vitamin D 
value of good cod liver oil. 

Two drops equal the rickets healing power of one teaspoon- 
ful of cod liver oil, and there is no fishy taste or odor. More- 
over, infants that could not take enough cod liver oil to induce 
healing may now obtain the necessary amount of vitamin D 
by adding a few drops of Acterol to their diet, or giving it 
by mouth. 

The older children that failed to receive vitamin D in their 
food may now be protected against vitamin D deficiency be- 
cause Acterol can be cooked with any food without loss of 
potency. 

Mothers who formerly objected to cod liver oil, offer no 
resistance to Acterol. 

Mead’s Acterol may be obtained at drug stores on prescrip- 
tion, and is sold under license of Wisconsin Alumni Research 
Foundation. 

Suggested Doses: For infants growing at the normal rate, 
8 to 10 drops a day. 

Please apply for literature and samples. 


MEAD JOHNSON & COMPANY 


Evansville, Indiana 
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—and tired nerves refuse to rest 


Considering the frenzied tempo of present day living, 
it is little wonder that nerves are frayed and nights 
sleepless. In those cases where sleep seems impossible, 
DIAL, “CIBA” has been used with success. 


In therapeutic doses DIAL, “CIBA” has no injurious 
effect on the heart or circulation and acts only on the 
higher cerebral centers. Chemically DIAL, “CIBA” 
is diallylmalonylurea, a distinct non-narcotic chemical 
entity which is rapidly gaining favor as a sedative and 
hypnotic. DIAL, “CIBA” is, of course, accepted by 
the Council on Pharmacy and Chemistry of the Ameri- 
can Medical Association. 


DIAL, “CIBA” is used in tablet and elixir forms. 
Tablets in tubes of twelve and bottles of one hundred 
—the Elixir in bottles of two and six ounces. 


Write today for your complimentary 
supply of DIAL, “CIBA” 
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